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Lichens as indicators of ecological continuity in subalpine forests: case studies in the 
Paneveggio Forest (NE Italy) 
 
Summary 
In the Italian Alps subalpine forests are still intensively managed for timber production. The 
increasing interest on near-to-nature silvicolture has favoured a scientific-based and multi-
purpose management approach whose models are often developed on the basis of ecological 
studies in the remnant near-natural sites. This could apply also to lichens, whose role in 
biodiversity conservation in subalpine coniferous forests of the Italian Alps is still largely 
unknown. Thus, testing the relations between tree parameters, the availability of different types 
of Coarse Woody Debris (CWD) in different decay stages and the richness and composition of 
lichen communities in near-natural stands could be a first step to gather information for forest 
managers interested in conservation and in biodiversity assessment and monitoring. This thesis 
summarize the results of four case studies, carried out in near-natural sites in the Paneveggio 
Forest (NE Italy). They were focused on the evaluation of the influence of tree age and age-
related parameters and CWD in shaping species richness and composition of lichen communities. 
In two complemetary sections the influence of forest management on epiphytic lichens and the 
suitability of a standard assessment of lichen diversity to predict total species richness are also 
evaluated. 
Tree-level lichen diversity and composition proved to be related to the main features of the trees 
such as age and size. Several lichens, including nationally rare species, are related to old trees 
(more than 200 years old), which are normally absent in managed forests. The macrolichen 
Letharia vulpina, which is a relatively dispersal limited species related to old-trees is suggested 
as a potential indicator of tree growth continuity. Its use as an indicator species is strongly 
enhanced since it is easily identifiable by non-specialists. 
Also CWD has an important role for lichen diversity in subalpine forests. Stumps, which are the 
main type of available CWD in managed stands, host several nationally rare species, which are 
related to different stages of wood decay. However, the presence of different types of CWD in 
different decay stages proved to enhance several nationally rare species, indicating that the 
retention of logs, snags and stumps should be included in management plans aiming at improving 
naturalistic silvicolture in the Alps. 
The relations between lichen communities and some structural features of mature forests such as 
over-mature trees and different types of CWD in different decay stages suggest their suitability 
for evaluating tree growth- and forest continuity, and conservation importance of subalpine 
forests of the Alps. Lichens should be therefore included in the framework of indicators which 
are used to evaluate the effectiveness of forest management for biodiversity conservation in the 
Alps. 
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Licheni come indicatori di continuità ecologica in foreste subalpine: casi di studio nella 
Foresta di Paneveggio (NE Italia) 
 
Riassunto 
Nelle Alpi italiane le foreste subalpine di conifere sono ancora intensamente utilizzate per la 
produzione di legname. Il crescente interesse verso la selvicoltura naturalistica ha tuttavia 
favorito un approccio gestionale polifunzionale i cui modelli sono spesso sviluppati sulla base di 
studi ecologici condotti nei pochi siti prossimo-naturali ancora rimasti. Questo approccio ben si 
adatta ai licheni, il cui ruolo nella conservazione della biodiversità nelle foreste subalpine a 
conifere delle Alpi italiane è ancora poco conosciuto. Pertanto, testare le relazioni tra le 
caratteristiche degli alberi, la disponibilità di diversi tipi di legno morto in diversi stadi di 
decomposizione e la ricchezza e composizione delle comunità licheniche in siti prossimo-naturali 
rappresenta un primo contributo all’acquisizione di informazioni applicabili nel contesto di una 
gestione forestale attenta alla conservazione della biodiversità. Questa tesi risssume i risultati di 
quattro casi di studio condotti in siti prossimo-naturali all’interno della Foresta di Paneveggio 
(NE-Italia) e focalizzati sulla valutazione dell’influenza dell’età degli alberi (e di parametri ad 
essa collegati) e del legno morto sulla ricchezza specifica e la composizione delle comunità 
licheniche. 
In due studi complementari viene inoltre valutato l’effetto della gestione forestale sui 
popolamenti di licheni epifiti e viene testata l’efficacia di un metodo standardizzato per misurare 
la diversità lichenica epifita nel predire la ricchezza specifica totale a livello di albero. 
La diversità e la composizione dei popolamenti lichenici a livello di albero è risultata essere 
correlata alle principali caratteristiche degli alberi come l’età e le dimensioni. In particolare, molti 
licheni rari a livello nazionale risultano correlato agli alberi ultra-maturi con più di 200 anni, che 
normalmente sono assenti nelle foreste gestite a scopo produttivo. Il macrolichene Letharia 
vulpina, specie a dispersione relativamente limitata e correlata agli alberi vetusti, è un potenziale 
indicatore di continuità ecologica a livello di albero. Il suo impiego come specie indicatrice è 
inoltre favorito dal fatto che si tratta di un lichene facilmente riconoscibile da parte di personale 
non specializzato. 
Anche il legno morto ha un ruolo importante per la biodiversità lichenica nelle foreste subalpine. 
Le ceppaie, che rappresentano il principale tipo di legno morto nei boschi produttivi, ospitano 
molti licheni rari a livello nazionale che sono correlati a diversi stadi di decomposizione del 
legno. Tuttavia anche la presenza di diversi tipi di legno morto in diversi stadi di decomposizione 
è importante per molte specie rare e pertanto nei piani di gestione naturalistica delle foreste alpine 
si dovrebbe considerare il parziale mantenimento, oltre alle ceppaie, di tronchi morti in piedi e al 
suolo. 
Le relazioni tra le comunità licheniche e alcuni aspetti strutturali delle foreste prossimo-naturali 
come la presenza di alberi vetusti e di diversi tipi di legno morto in diversi stadi di 
decomposizione, suggeriscono la possibilità di utilizzare i licheni per valutare la continuità 
ecologica e l’importanza conservazionistica delle foreste subalpine delle Alpi. I licheni 
dovrebbero pertanto essere inclusi nel set di indicatori che vengono utilizzati per valutare 
l’efficacia della gestione forestale nella conservazione della biodiversità. 
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Introduction 
 
In the European Alps, subalpine forests are important for biodiversity conservation. They are 
included among the habitats worthy of conservation in Europe (EU 92/43 Directive, habitat code 
9410 and 9420). In the Alpine Italian forests, despite the noticeable reduction of human activities 
since the beginning of the 20th century, spruce forests are still intensively managed for timber 
production (Motta, 2002). Management practices are mainly based on the shelterwood system or 
on clear-cut over small surfaces (<1 ha) in which mature trees (120-180 years) are felled. The 
increasing interest on near-to-nature silvicolture has favoured a scientific-based and multi-
purpose management approach whose models are often developed on the basis of ecological 
studies in the remnant near-natural sites (e.g. Motta et al. 2002). This could apply also to lichens, 
whose role in biodiversity conservation in subalpine spruce forests of the Italian Alps is still 
largely unknown (see e.g. Nascimbene et al. 2006). Thus, testing the relations between tree 
parameters, the availability of different types of Coarse Woody Debris (CWD) in different decay 
stages and the richness and composition of lichen communities in near-natural stands could be a 
first step to gather information for forest managers interested in conservation and in biodiversity 
assessment and monitoring. A further support to naturalistic forest management in the Alps could 
come from the evaluation of the effects of different practices on lichen diversity and from the use 
of indicators of biodiversity for rapid surveys over large areas. 
 
Tree-related parameters 
Epiphytic lichen communities are influenced by several factors whose importance  depends on 
the scale of the analysis. At tree-level, tree age and crown structure are important factors for 
epiphytic lichen communities. For example, several lichen species proved to be strongly related 
to old trees. Recently, Johansson et al. (2007) demonstrated that tree age and size have an 
important role in explaining tree-level species richness and composition on ash trees in southern 
Sweden. However, the effect of tree age and tree size are difficult to separate, the former being 
related to the time available for colonization, the latter to the surface for lichen establishment. 
Furthermore, other tree features could influence epiphytic lichens, e.g. crown structure, due to its 
relation with light availability. The results of former studies in boreal forests proved to be 
relevant for planning conservation strategies and management of forests, since they suggest that 
some simple parameters related both to stand identity and tree features could be used to assess the 
potential of forests for lichen diversity. For example, the tree-level occurrence of rare or red-
listed species is known to be enhanced by increasing tree age and diameter, indicating that old 
and large trees are crucial for lichen conservation (e.g. Uliczka and Angelstam 1999). 
 
Coarse Woody Debris (CWD) 
The amount and quality of CWD is an important feature for characterising old-growth stands 
(Siitonen et al. 2000; Similä et al. 2003). Natural old-growth forests have large volumes of CWD 
in different stages of decay (Harmon et al. 1986; Spies and Franklin 1988), while its presence is 
strongly reduced in managed forests (Siitonen 2001). CWD proved to be a key habitat for several 
organisms such as fungi, bryophytes, lichens, invertebrates, and birds (Ohlson et al. 1997; Jonsell 
et al. 1998; Similä et al. 2003; Mengak and Guynn 2003, Odor et al. 2006). CWD is known to 
host several epixylic lichens, whose occurrence is related to the availability of logs, snags, 
stumps etc. in different decay stages. Several red-listed species are related to different phases of 
wood decay (Söderström 1988a), so that a great amount of dead wood is crucial for biodiversity 
conservation in forests (Ohlson et al. 1997, Jonsell et al. 1998; Similä et al. 2003; Clausen et al. 
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2005). In managed coniferous forests, the most important component of CWD biomass mostly 
consists of stumps, while logs and snags are rare (Motta et al. 2006). Wood decay leads to 
changes in lichen composition due to changes in structure, texture and chemistry of the substrate. 
Epiphytic and epixylic lichens characterise the first part of the decay process, while terricolous 
species dominate the lichen communities on strongly decayed stumps (Daniels 1993). Although 
several studies demonstrated the importance of CWD for lichen conservation in N-Europe and N-
America (Muhle and Le Blanc 1975; Söderström 1988a, 1988b; Daniels 1993; Crites and Dale 
1998; Lõhmus and Lõhmus 2001; Caruso et al. 2007), the lichen biota on CWD was poorly 
studied in the Alps and therefore its importance for lichen diversity remains unknown. 
 
Forest management  
Lichens are widespread in many forest ecosystems where they may constitute an important 
component of the total biodiversity (Dettki & Esseen, 1998; Will-Wolf et al., 2002). Their 
biomass accumulates slowly over time (Dettki & Esseen, 2003) and their dispersal can be limited 
by the lack of propagules (Sillett et al., 2000). Many epiphytic lichens are strongly affected by 
forestry practices, particularly logging (e.g. Hyvärinen et al., 1992; Holien, 1996; Neitlich & 
McCune, 1997; Sillett & Goslin, 1999; Humphrey et al., 2002). For example cyanolichens are 
considered a guild of species extremely sensitive to intensive forest management and indicators 
of forest continuity (Kuusinen, 1996; Campbell & Fredeenn, 2004). Several papers focus on 
epiphytic lichens in boreal coniferous forests (e.g. Esseen et al., 1992; Kuusinen & Siitonen, 
1998; Pykälä, 2003; Hilmo et al., 2005; Josefsson et al., 2005), where they are threatened by 
clear-cut and survive in a few remnant old-growth stands. However, not all of the lichen 
conservation measures derived from the boreal experience can be directly applied to the 
temperate forests of southern Europe. Detailed information on the effects of forest management 
on lichens in the Alps is scanty. Management practices need to be evaluated in terms of their 
ability to sustain rich epiphytic lichen communities and to preserve habitats for sensitive and rare 
species. 
 
Indicators of biodiversity 
Indicators of biodiversity are a surrogate for total biodiversity estimates, and can be more easily 
sampled (Noss 1990, Lawton et al. 1998; Lindenmayer et al., 2000; Will-Wolf et al. 2002). The 
selection of indicators, however, may be problematic (e.g. Kerr et al. 2000; Landers et al. 1988; 
Noss 1990), and their relation with the overall diversity must be tested. There is already a 
standardized and widely used methodology for assessing lichen diversity, used in the context of 
biomonitoring of air quality, where lichen diversity is described by a biodiversity index based on 
species frequency (Asta et al. 2002; Scheidegger et al. 2002). This methodology, which includes 
standardization of all phases of data collecting, might be successfully used in other contexts to 
estimate total lichen richness. However, experimental tests on the LDV (Lichen Diversity Value) 
are absent, and its reliability as a biodiversity indicator should be tested. 
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 Aims 
 
Paper I aims at evaluating the influence of tree age and age-related parameters on tree-level 
richness and community composition of lichens on spruce. 
 
Paper II aims at evaluating species richness and composition of lichens in relation to the decay 
of stumps in subalpine forests. The potential role of stumps for lichens conservation is also 
commented. 
 
Paper III is a contribution to lichen floristics on CWD in Italy, and provides a first evaluation of 
the importance of different types of CWD (stumps, logs, and snags) for lichen diversity in a 
Larix-Pinus cembra stand. 
 
Paper IV is focused on the evaluation of the importance of tree age and crown structure in 
explaining the within-stand occurrence and abundance of the macrolichen Letharia vulpina in 
subalpine forests. The following hypotheses are tested: 1) tree age and radial growth rate are the 
main determinants of the occurrence and frequency of Letharia vulpina due to the related 
substrate stability, 2) crown structure may further affect lichen frequency due to its influence on 
propagule dispersal and establishment. 
 
Paper V is based on the comparison of tree-level species richness and composition of epiphytic 
macrolichens on beech in two differently managed stands. The working hypothesis is that  
selective cutting may promote higher lichen species richness and the presence of rare species 
related to the maintenance of a continuous canopy and of uneven-aged and multi-layered forests 
over time. The suitability of the flagship species Lobaria pulmonaria as a potential indicator of 
sites worthy of conservation was also tested. 
 
Paper VI aims at testing: (a) the predictability of the standard assessment of lichen diversity 
provided by the LDV (Lichen Diversity Value) method to the total species richness on the trunks 
of different tree species in different environments; (b) the reliability of the LDV index calculated 
on selected guilds of easily identifiable lichens for rapid surveys over large areas. 
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Materials and Methods 
 
Study area 
The study was carried out in the Paneveggio spruce forest (Paneveggio-Pale di San Martino 
Natural Park, N-Italy, Trentino-Alto Adige; 46°18’N, 11°45’E). The average annual temperature 
is 2.4° C, annual rainfall is c. 1200-1300 mm year-1. The bedrock is porphyry, the soils are 
rankers and podsols. 
The Paneveggio-Pale di San Martino Natural Park is situated in the eastern part of Trentino 
among Val di Fiemme and Val di Fassa in the north, valle del Primiero in the south and valle del 
Vanoi in the west. Its 19700 ha include three geographical landscape units: (1) the large forest of 
Norway spruce of the Paneveggio Forest, (2) the dolomitic area of the Pale di San Martino, and 
(3) the eastern part of the porphiric chain of the Lagorai.  
A forest reserve of approsimately 100 ha in the Paneveggio forest was established in 1992. This 
area was divided into two parts: the first was selected for selvicoltural experiments and the 
second as a strict reserve where silvicultural operations and harvesting were excluded in order to 
preserve ore restore the natural forest dynamics. Only scientific management is allowed in this 
part of the forest and maintenance operations are carried out with specific restrictions. The main 
objectives of this area are: nature conservation, forest ecology research and the creation of a 
reference point for naturalistic silviculture (Motta, 2002). 
Between 1993 and 1995 four 1-ha plots were established in the strict reserve for long term forest 
dynamics monitoring. One additional plot was added in 2005 in the area of malga Bocche. Their 
main feature were retrieved from Motta (2002): 
 
Plot 1 and 2 - Plot 1: 1695 m, NW; Plot 2: 1815 m, NW. They are in dense mono-layered spruce 
stands which were not managed in the last 30-50 years and whose establishment started after a an 
intensive logging activity, probably shelterwood cutting in small groups, approximately in 1820 
in site 1, and in 1790 in site 2. (Paper I) 
 
Plot 3 and 4 – Plot 3: 1865 m, N; Plot 4: 1980 m, N. They are in multi-layered, open-canopied 
stands which were not managed in the last 50 years. Site 3 is a pure spruce formation which was 
managed for at least the past two centuries with single-tree or small-group selection system. Site 
4 is a mixed formation dominated by spruce, which was probably a pasture with sparse trees up 
to the end of the 19th century. (Paper I, and Paper II) 
 
Plot 5 - 2130 m, SW. It is a mixed Larix-Pinus cembra stand with uneven age and multilayered 
structure. The dominant tree layer mainly consists of Pinus cembra (74%). Three main 
generations of trees can be identified: (i) younger than 100 years (70%), (ii) 100-200 years old 
(23%), (iii) more than 200 years old (12%). The stand, managed in the past as grazed forest in 
which single trees were occasionally cut, has not been managed for the last 50-60 years. (Paper II 
and Paper IV). 
 
For Paper II, another plot in the Dolomiti d'Ampezzo (lat. 46°27’ N, long. 12° 08’ E), was 
considered. It is in a mixed Larix-Pinus cembra stand with uneven aged and multilayered 
structure (Carrer & Urbinati, 2001). The dominant tree layer mainly consists of Larix (72%). The 
stand, managed in the past as grazed forest in which single trees were occasionally cut, has not 
been managed for decades. 
 
 10 
Paper V and Paper VI were carried out in other areas: the former in the Cansiglio Regional Forest 
(NE-Italy, Veneto), the latter across the whole Veneto Region (NE-Italy). 
 
Lichen survey 
Epiphytic lichens on living trees 
For epiphytic lichen surveying, trees were stratified into three age classes representing the main 
tree generations (Motta 2002; Motta et al 2002) potentially corresponding to different stages of 
the management process: (1) <100 years old, immature trees usually not suitable for felling, (2) 
100-200 years old, mature trees suitable for felling, and (3) >200 years old, over-mature trees 
normally rare or absent in managed stands. 
Lichen sampling followed the guidelines proposed by Stofer et al (2003) for the Forest BIOTA 
project (Giordani et al 2005), which are based on the European guidelines for lichen monitoring 
(Asta et al 2002; Scheidegger et al 2002). Lichen diversity was sampled using four standard 
frames of 10x50 cm as sampling grids, subdivided into five 10 x 10 cm quadrats, which were 
attached to the tree trunk at the cardinal points with the shorter lower side at 100 cm from the 
ground. All lichen species inside the frames were listed and their frequency was computed as the 
number of 10x10cm quadrats in which the species occurred. Lichen cover was visually estimated 
in each frame as percentage of surface occupied by lichens and the values of the four cardinal 
points were averaged for each tree. 
 
CWD 
The decay stage of CWD was evaluated according to a five class system mainly based on the 
presence/absence of bark and on wood features (Motta et al 2006): (i) Stumps: (1) bark intact, 
wood hard; (2) bark almost completely intact, wood hard in the outermost part and decay in the 
innermost part of the stump, texture with large pieces; (3) trace of bark, decay spread in most of 
the stump, texture with blocky pieces; (4) bark absent, wood hard to soft (soft sapwood < 70%); 
(5) bark absent, wood soft (soft sapwood > 70%), and powdery structure; (ii) Logs: (1) bark 
intact, small branches present, shape round, wood texture intact, log elevated on support point; 
(2) bark intact, no twigs, shape round, log elevated but sagging slightly; (3) trace of bark, no 
twigs, shape round, wood hard, texture with large pieces, log sagging near the ground; (4) no 
bark, no twigs, shape round to oval, wood hard, texture with blocky pieces, all of log on the 
ground; (5) no bark, no twigs, shape oval, wood soft and powdery structure, all of the log on the 
ground; (iii) Snags: (1) standing dead tree with bark and most of the branches intact, wood hard; 
(2) dead tree with few branches left and loose bark, wood hard; (3) no bark, no twigs, wood hard; 
(4) no bark, no twigs, wood hard to soft (soft sapwood < 70%); (5) no bark, no twigs, wood hard 
to soft (soft sapwood > 70%). 
Lichens were surveyed according to a standard sampling protocol used for similar studies in 
Northern Europe (Svensson et al. 2005). A sampling plot of 10 x 10 cm divided into 16 quadrats 
of 2.5 x 2.5 cm was used to measure species frequency expressed as the number of quadrats, in 
which at least a thallus of the species occurred. The sampling unit is represented by five sampling 
plots that were positioned: (i) on the upper side of logs, from the broadest part of the log to 1.5 m, 
plots being separated by 50 cm; (ii) on the northern and southern face of snags, from the base up 
to 1.5 m from the ground, plots being separated by 50 cm; (iii) on the upper surface of stumps, 
four in the external part at the four cardinal points, one in the central part. For each sampling unit 
the frequencies of the species in the five sampling plots were summed. 
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Data Analysis 
In Paper I the Pearson correlation coefficients between tree parameters and tree-level lichen 
richness, rare species, and lichen cover were calculated. The analysis of covariance (ANCOVA 
with type III sum of squares) was applied to examine the effect of tree age on lichen species 
richness, considering site identity as a random factor and age as a continuous covariate. Simple 
linear regression was applied to describe separately the relation between total species richness 
and tree age and size. Species composition was explored by means of Redundancy Analysis 
(RDA) as implemented in the CANOCO package (Version 4.5, Ter Braak and Šmilauer 2002). 
Site identity was considered as a dummy variable. Tree-related variables and site identity were 
tested separately with a forward selection (Monte Carlo permutation test, P < 0.01). Then a 
variation partitioning analysis was performed to separate the relative effect of tree-related 
variables and site identity following Borcard et al. (1992). An Indicator Species Analysis (ISA; 
Dufrêne and Legendre 1997) was used to describe differences in species composition and 
frequency among the three age classes, and to determine how strongly each species was 
associated to different age classes. Statistical significance of the indicator values was tested by 
means of a Monte Carlo test, based on 10000 randomizations. ISA and Monte Carlo test were 
performed by PC-ORD (McCune and Mefford 1999). 
 
In Paper II differences in species richness between the three decay stages were tested using a one-
way ANOVA. An Indicator Species Analysis (ISA; Dufrêne and Legendre 1997) was used to 
describe differences in species composition and frequency among decay stages, and to determine 
how strongly each species was associated with different stages. Statistical significance of the 
indicator values was tested by means of a Monte Carlo test, based on 10000 randomizations. ISA 
and Monte Carlo test were performed by PC-ORD (McCune and Mefford 1999). The pattern of 
species composition was also evaluated using non-metric multidimensional scaling NMDS as 
implemented in PC-ORD (McCune and Mefford 1999), using the autopilot mode with the 
Sørensen distance measure. Compositional differences between the 3 decay stages were tested by 
a multi response permutation procedure (MRPP) as implemented in PC-ORD (McCune and 
Mefford 1999). 
 
In Paper III ANCOVA was used to test the main effects of CWD and DECAY as well as the 
first-order interaction. ANCOVA was repeated separately for total species, rare species, and 
calicioid species richness. An Indicator Species Analysis (ISA; Dufrêne & Legendre 1997) was 
used to describe differences in species composition and frequency among CWD Types, and to 
determine how strongly each species was associated with different decay stages. 
The pattern of species composition was also evaluated using non-metric multidimensional scaling 
NMDS (McCune and Grace 2002) as implemented in PC-ORD (McCune & Mefford 1999). 
Compositional differences between the 3 CWD types were tested by a multi response 
permutation procedures (MRPP) as implemented in PC-ORD (McCune & Mefford 1999). MRPP 
analysis was also applied to test differences across and between decay stages. 
 
In Paper IV linear models were applied to clarify the relative influence of our set of variables on 
Letharia frequency. The Pearson correlation matrix between explanatory variables was 
calculated. 
First, a forward stepwise procedure (P < 0.05) was performed to select significant predictors 
which most accounted for the variation in Letharia frequency. 
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Second, several partial regressions were computed to explore the pure effects of the age, canopy-
structure and site variables selected with the previous procedure. This analysis aimed at 
evaluating the relative importance of each group of predictors. Partial regression was computed 
by means of partial Redundancy Analysis (pRDA) using the VEGAN package (Dixon, 2003) 
version 1.8-5 implemented in R-environment. 
 
In Paper V, differences in species richness between the two groups were tested with a parametric 
t-test, while species composition was explored by Principal Components Analysis (PCA) using 
CANOCO software (Ter Braak & Šmilauer, 2002). 
 
In Paper VI, simple linear regression was applied to check the power of the partial biodiversity 
estimates to predict the total species richness at trunk level and to test the relation among several 
LDV calculated on different species subsets with the LDV. Statistical analyses were carried out 
according to SAS Institute Inc. (1989). 
 
Nomenclature 
Nomenclature of lichens follows Nimis and Martellos (2003). 
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Results and discussion 
 
Paper I 
Tree age and related parameters proved to influence both tree-level species richness and 
composition of epiphytic lichen communities on spruce in mature subalpine forests of the Italian 
Alps. 
 
Species richness 
Tree-level species richness proved to increase with tree age and related parameters indicative of 
tree size. Tree age had a positive correlation with tree size, hindering the possibility to clearly 
distinguish their respective effect. No significant interaction was found between site and tree age, 
indicating that species richness responded similarly to age in each site. In the two open-canopied 
sites, age is also correlated with crown size, since the crowns of isolated trees are allowed to 
progressively increase with age and trunk size. 
The increase of species richness with tree age could be interpreted as the result of different joint 
effects of age per se (e.g. time for colonization) and tree size with its area-effect (e.g. surface for 
lichen establishment). When considered separately, the effects of age and tree size have a rather 
different pattern, the former levelling with age and therefore being more important in younger 
trees, the latter progressively increasing. Species turnover, whose importance in enhancing 
species richness was addressed by Johansson et al. (2007), due to the increasing overall number 
of species with age, is also suspected to improve species-richness on over-mature trees. Over-
aged large trees are expected to be more lichen rich and to host more heterogeneous species 
assemblages than mature and immature trees. 
All tree-level dependent variables, however, are also influenced by site identity (e.g. stand-level 
factors), indicating that a stand-level approach would be required to clarify the interactions 
between tree-level and stand-level factors. 
Relations among tree features and species richness could provide useful tools for management. 
For a rapid assessment of tree-level species richness both structural and biological indicators 
could be used. Tree size, relatively easy to measure, is a suitable structural indicator, while lichen 
cover (mainly in open-canopied stands), could be another suitable biological indicator. 
 
Species composition 
Similarly to species richness, tree-level species composition is influenced by tree-related 
parameters, changing from young to over-mature trees trees. Age and tree size tend to select the 
same species. Several lichens are strongly associated with over-mature trees. This pool of 
species, including several nationally rare lichens, represents a community which is probably 
poorly developed where over-mature trees are normally absent, such as in managed forests. 
Calicioid lichens, well known as indicators of ecological continuity (Tibell 1992; Selva 2002), 
have a similar pattern among indicator species in the different age classes, being more 
represented on over-mature trees. For example Cyphelium karelicum was considered by Thor 
(1998) as indicating continuity in spruce forests of Sweden. The influence of stand level factors 
cannot be statistically evaluated with our four sites, but the higher number of rare and caliciod 
species related to site 3 is in accordance with its longer ecological continuity (Motta, 2002). 
A significant influence on composition is also that of crown structure, whose effects are probably 
related to light availability and protection from direct rain. Crown structure could be responsible 
for differences in microclimatic conditions between over-aged trees and those of the other age 
classes. Among species favoured by increasing crown size, Evernia divaricata is representative 
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of a pool of species which mainly establish on the lower branches of large trees, while the 
occurrence of Microcalicium disseminatum and other calicioid species might be favoured by dry 
and rain-protected condition. 
 
Paper II 
Analogously to several studies in boreal forests and in central Europe (Muhle and Le Blanc 1975; 
Söderström 1988a, 1988b; Daniels 1993; Crites and Dale 1998; Lõhmus and Lõhmus 2001; 
Caruso et al 2007), wood decay proved to be an important factor influencing lichen communities 
on stumps in our subalpine forests. 
As decay is a continuous process, and in each stump different decay stages could temporarily 
coexist, lichen communities broadly overlap (NMS and MRPP analysis), sharing several species. 
However, a main pattern of species turnover can be identified across wood decay process, as well 
as some indicator species for each decay stage. Indicator species of stumps of decay stage 2 
include two mainly epixylic lichens (Lecanora varia and Lecidea turgidula), which are known to 
be restricted to little decomposed substrata, and one of the most common epiphytic lichen 
(Hypogymnia physodes) on conifers in subalpine forests (Nascimbene et al., 2006). Those of 
decay stage 3 include two Cladonia, which are typical of decayed wood and one epixylic species 
(Xylographa parallela). In decay class 4 the three indicator species are known to be related to 
acid organic soil (Cladonia macroceras and C. rangiferina) and (Icmadophila ericetorum) to 
humid acid substrata such as rooting wood. 
During the wood decay process, lichen communities change functional (growth forms) and 
ecological (substrate requirements) composition as an adaptive response to the continuous change 
of substrate. In the first stage of wood decay lichen communities are dominated by foliose (and 
crustose) and mainly epiphytic species. With increasing wood decay (stage 3 and 4), fruticose 
terricolous lichens begin to colonise the stumps, with Cladonia-species being the most important 
component of the communities. 
 
Paper III 
In this case study, lichen diversity was greatly influenced by the different types of CWD and 
partially by the different decay stages, in term of both species richness and composition. The 
effectiveness of this survey in improving the knowledge on the lichen biota on CWD in Italy was 
even higher than expected, considering the limited size of our sampling. 
In our subalpine stand, logs host species-poor communities dominated by Xylographa parallela 
and Trapelipsis granulosa, snags are more suitable for species-rich communities including 
several calicioid species, and stumps mainly host Cladonia-dominated communities. Despite the 
fact that several species are shared among CWD types, there is a pool of lichens, which are 
strongly related to each CWD type (indicator species). Lichen diversity is also influenced by the 
decay process, which leads to a species turnover and to a decreasing in species-richness, probably 
related to a progressive decrease of substrate stability. However, in each CWD item different 
decay stages could temporarily coexist and lichen communities broadly overlap, sharing several 
species. On less decayed CWD, mainly on snags and stumps, lichen communities include 
epiphytic lichens, which are common on the surrounding living trees (e.g. Letharia vulpina and 
Pseudevernia furfuracea). On strongly decayed CWD, Cladonia-species (e.g. Cladonia 
sulphurina) are among the most important component of the communities. 
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Paper IV 
The frequency of Letharia vulpina is significantly related to tree age, first branch height, tree 
diameter, site, and to the interaction between site and tree age. Partial regression of the significant 
variables  shows that tree age is the most predictive one, accounting for 22.7% of the total 
variance. The crown-structure variables presented a relatively high pure effect, accounting for 
10.2% of the total variation in lichen frequency. Site is the least important variable with a pure 
effect of 7.0%, indicating the presence of regional differences between the sites. 
Our first hypothesis, that the frequency of Letharia vulpina is positively related to tree age, was 
confirmed. However, the radial growth rate of trees (substrate instability) does not affect the 
lichen, likely because the mean rates were very small even for young trees being not a limiting 
factor for the life cycle of the lichen.  
Our second hypothesis, that Letharia frequency is also related to crown structure, was also 
confirmed. First, the positive relation between Letharia and the height of the first branches could 
be explained considering that branches can intercept Letharia propagules, hindering their 
establishment on trunks. Second, tree diameter enhances the frequency of the lichen, probably 
due to the larger surface available for colonisation by propagules. 
Letharia vulpina, which is a relatively dispersal limited species and proved to be related to old-
trees, is therefore a potential indicator of tree growth and forest continuity. Its use as an indicator 
species is strongly enhanced since it is easily identifiable by non-specialists. 
 
Paper V 
Our hypothesis that the more extensive selective cutting may promote higher lichen species 
richness and the presence of rare species was only partially confirmed. Species richness did not 
show significant differences between the two management regimes, while most of the rare 
species were exclusive of the selective-cut sites. Hence, lichen composition was strongly 
different between the two management regimes. 
The mean number of species per tree did not significantly differ between selective-cut and 
shelterwood-cut forests. These non-significant differences between the two types of management 
were probably related to the relatively long rotation period of the shelter-wood cut sites, which 
allowed the development of species-rich communities dominated by crustose pioneer lichens and 
common generalist species. However, if the species richness and frequency of the sensitive group 
of cyanolichens is considered, a strong difference between the two types of stands was found, 
indicating that the richness of disturbance-sensitive species is strongly enhanced by selective 
cutting. 
The main differences between intensive and extensive forest management concerned species 
composition. The lichen flora of selective-cut forests mainly included suboceanic lichens 
sensitive to forest management and habitat modifications. On the contrary species composition in 
shelterwood-cut sites is mainly characterized by a group of generalist species whose frequency is 
strongly higher than in selectively-cut sites. 
The flagship species Lobaria pulmonaria, is suggested as a signal species for rapidly assessing 
the conservation importance of sites, since its frequency was strongly related to number and 
frequency of rare species and cyanolichens. 
 
Paper VI 
The LDV and the number of species found within the sampling ladders proved to be robust 
estimators to the total species richness on trunks in different environmental conditions and on 
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different trees, suggesting that the LDV standard methodology can be used not only for 
monitoring air quality, but also as a protocol to estimate total lichen diversity. 
A strong relation (R2 =0.74) was found between LDV values and total species richness, 
indicating that the LDV can be considered a predictive estimate of total species richness. 
Analogously, the bare number of species found within the sampling ladder is a good indicator of 
the total number of species on the trunks. 
A significant relation was found also among the number of macrolichens found inside the 
sampling ladders and total species richness on the trunks, albeit with a lower fraction of 
explained variance (R2 =0.64). Other guilds of species (e.g. fruticose lichens, narrow-lobed 
foliose lichens), and coverage values are not significantly related with total species richness. 
These results indicated that the best predictor of total species richness is the total number of 
species found within the sampling ladders. However, our results show that a partial sampling 
based on macrolichens, or even on large-lobed foliose lichens only, still permits reliable diversity 
estimates, albeit with limitations, enhancing the use of this method among environmentalists. 
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Concluding remarks 
 
Epiphytic lichens 
In mature spruce forests, tree-level lichen diversity and composition are related to the main 
features of the trees such as age and size. Several nationally rare specie are related to over-mature 
trees (more than 200 years old), which are normally absent in managed forests. This is in 
accordance to the results of several studies who emphasized the importance of old trees for the 
conservation of red-listed epiphytic lichens and stated that trees hosting red-listed species are 
often older than usually allowed in commercial forestry. The rarity and the potential threat of 
several epiphytic lichens could be interpreted as the output of low availability of over-mature 
trees in managed forests of the Italian Alps. Retaining  mature trees in management plans could 
be an effective measure for long-term lichen diversity conservation. 
 
Lichens on Coarse Woody Debris 
CWD has an important role for lichen diversity in subalpine forests. 
In the Alps, subalpine forests are usually managed for timber production and stumps are the main 
type of available CWD. This study shows that stumps host several nationally rare species, which 
are related to different stages of wood decay. Despite the fact that an exhaustive evaluation of the 
role of stumps in subalpine forests for the conservation of rare species compared to other types of 
CWD is still lacking, their potential role could be relevant in managed forests where other types 
of CWD are normally absent. 
The presence of different types of CWD in different decay stages proved to be important for 
several nationally rare species, indicating that the retention of logs, snags and stumps should be 
considered in management plans aiming at improving naturalistic silvicolture. However, further 
surveys at regional scale are urgently required in order to evaluate the role of CWD for lichen 
diversity conservation in Italy and to assess the impact of current forestry management on lichen 
diversity. 
 
General conclusion 
The relations between lichen diversity and composition and some structural features of mature 
forests such as over-mature trees and different types of CWD suggest their suitability for 
evaluating tree growth- and forest continuity, and conservation importance of subalpine forests of 
the Alps. Lichens should be therefore included in the framework of indicators which are used to 
evaluate the effectiveness of forest management for biodiversity conservation. 
Extensive management practices are probably suitable for enhancing the presence of old-growth 
structures wich represent an important habitat for lichen communities, including several 
nationally rare species. The general aims of near-to-nature forestry include biodiversity 
conservation. Hence, the presence of over-mature trees and CWD should be enhanced in the 
future forest landscape of the Alps, especially in protected areas and Natura 2000 sites, where 
conservation purposes are explicitly included in the management guidelines. 
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Grazie a… 
(Ai licheni del bosco mi son potuto dedicare) 
 
Ai licheni del bosco mi son potuto dedicare 
Grazie ai quattrini che il Parco sè donare 
Ma grazie anche a tantissime persone 
Che hanno tenuto su la mia passione. 
 
Come il Sublime Professor Triestino 
Che m’ha indicato il vero e buon cammino: 
Avvolto del suo fumo in una nuvola 
Mi disse ‘vada che qui non si scivola  
Sono organismi negletti e trascurati 
Vale la pena che siano conservati’. 
 
E lume acuto, oltre che riparo 
Trovai in altro professor preclaro: 
Il Mauro che dirige il dottorato 
In varie forme molto mi ha aiutato: 
Cercando di far modo a tutte l’ore 
Che io diventassi un ricercatore. 
 
E poi per fare un indicator del bosco 
Ci voglion numeri, cultura e viso tosto.  
Serve un ecologo, ma uno di quei veri 
Che può aiutarti in orridi sentieri. 
Qui c’è Lorenzo, con cui abbiam passate 
Tante tremende, bellissime giornate. 
 
Ma il numero non basta nell’ecologia 
Serve legarlo alla specie, qual che sia. 
E qui fummi vitale un professor  Svedese 
Che tutte le specie conosceva a vele tese. 
 
 
 
Ricordi da studente: ancora in parapiglia 
A Padova  conobbi il buon Caniglia 
Che mi insegnò con fede e senza boria 
Come distinguer Parmelia da Xanthoria. 
 
Ho tanta gioia per boschi e la natura 
Ed ho trovato un guardiano che li cura: 
E’ l’Ettore, che con tenacia e con passione 
Gestisce il Parco con gran dedizione. 
 
Ma i boschi non svelano i misteri 
Senza contar gli anelli degli abeti austeri 
Il Renzo e Marco in questo son maestri 
Ci spiegano con pochi gesti e destri 
Com’è che lì il lichene ognor s’avvinghia 
O perchè lì non lo si trova minghia. 
 
E qui ringrazio i miei cari parenti 
Che sono dolci, benevoli e contenti 
Ringrazio la consorte Federica 
Che viene dal mondo minerale 
E guarda sdegnosa il tronco che si frale 
Ma senza lei nel bosco sconosciuto 
Mai troverei quell’albero voluto. 
E poi le figlie amate, che con chiasso 
Mi fanno ridere di ogni mio fracasso: 
Porto nei boschi il loro “cosa è”? 
Sorrido  e cerco..: 
Mi chiedo: che cos’è?. 
 
 
 
Da un testo originale di JN, riarrangiato (rime e metrica) da PLN 
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Abstract 
Testing the relations between tree parameters and the richness and composition of lichen 
communities in near-natural stands could be a first step to gather information for forest managers 
interested in conservation and in biodiversity assessment and monitoring. This work aims at 
evaluating the influence of tree age and age-related parameters on tree-level richness and 
community composition of lichens on spruce in an Alpine forest. The lichen survey was carried 
out in a strict nature reserve, in four sites used for long-term monitoring. In each site, tree age, 
diameter at breast height, tree height, the first branch height, and crown projection area were 
measured for each tree. Trees were stratified into three age classes: (1) <100 years old, immature 
trees usually not suitable for felling, (2) 100-200 years old, mature trees suitable for felling, and 
(3) >200 years old, over-mature trees normally rare or absent in managed stands. In each site, 7 
trees in each age class were selected by random sampling. Tree age and related parameters 
proved to influence both tree-level species richness and composition of epiphytic lichen 
communities. Species richness increased with tree age and related parameters indicative of tree 
size. This relation could be interpreted as the result of different joint effects of age per se and tree 
size with its area-effect. Species turnover is also suspected to improve species-richness on over-
mature trees. Similarly to species richness, tree-level species composition can be partially 
explained by tree-related parameters. Species composition changed from young to old trees, 
several lichens being associated with over-mature trees. This pool of species, including several 
nationally rare lichens, represents a community which is probably poorly developed in managed 
forests. In accordance to the general aims of near-to-nature forestry, the presence of over-mature 
trees should be enhanced in the future forest landscape of the Alps especially in protected areas 
and Natura 2000 sites, where conservation purposes are explicitly included in the management 
guidelines. 
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Introduction 
Epiphytic lichen communities are influenced by several factors whose importance depends on the 
scale of the analysis. For example, Peterson and McCune (2001) demonstrated that regional 
patterns in lichen community composition depend strongly on climatic or topographic gradients 
(see also Jovan and McCune 2004; Berryman and McCune 2006), while at the landscape level 
tree composition, stand age, stand heterogeneity, and the presence of coarse wood are more 
important (e.g. Hyvärinen et al. 1992; Humphrey et al. 2002). At tree level, Uliczka and 
Angelstam (1999) demonstrated that tree age influences both the richness and the abundance of 
macrolichens, with several species preferring old trees. Recently, Johansson et al. (2007) 
demonstrated that tree age and size have an important role in explaining tree-level species 
richness and composition on ash trees in southern Sweden. However, the effect of tree age and 
tree size are difficult to separate, the former being related to the time available for colonization, 
the latter to the surface for lichen establishment. Furthermore, other tree features could influence 
epiphytic lichens, e.g. canopy structure due to its relation with light availability. The results of 
former studies proved to be relevant for planning conservation strategies and management of 
forests, since they suggest that some simple parameters related both to stand identity and tree 
features could be used to assess the potential of forests for lichen diversity. For example, the tree-
level occurrence of rare or red-listed species is known to be enhanced by increasing tree age and 
diameter, indicating that old and large trees are crucial for lichen conservation (e.g. Uliczka and 
Angelstam 1999). 
In the Alpine Italian forests, despite the noticeable reduction of human activities since the 
beginning of the 20th century, spruce forests are still intensively managed for timber production 
(Motta, 2002). Management practices are mainly based on the shelterwood system or on clear-cut 
over small surfaces (<1 ha) in which mature trees (120-180 years) are felled. In managed spruce 
forests trees with more than 200 years are usually absent or rare (Motta, 2002) and remnant 
stands with ‘old-growth structures’ tend to be scattered and small-sized in the Italian Alps. The 
increasing interest on near-to-nature silvicolture has favoured a scientific-based and multi-
purpose management approach whose models are often developed on the basis of ecological 
studies in the remnant near-natural sites (e.g. Motta et al. 2002). This could apply also to 
epiphytic lichens, whose role in biodiversity conservation in subalpine spruce forests of the 
Italian Alps is still largely unknown (see e.g. Nascimbene et al. 2006a). Testing the relations 
between tree parameters and the richness and composition of lichen communities in near-natural 
stands could be a first step to gather information for forest managers interested in conservation 
and in biodiversity assessment and monitoring. 
This work aims at evaluating the influence of tree age and age-related parameters on tree-level 
richness and community composition of lichens on spruce. 
 
Materials and Methods 
Study area 
The study was carried out in the Paneveggio spruce forest (Paneveggio-Pale di San Martino 
Natural Park, N-Italy, Trentino-Alto Adige; 46°18’N, 11°45’E). The average annual temperature 
is 2.4° C, annual rainfall is c. 1200-1300 mm year-1. The bedrock is porphyry, the soils are 
rankers and podsols. 
The lichen survey was carried out in a strict nature reserve (Valbona), in four 1 ha sites used for 
long-term monitoring since 1993 (Motta 2002). Their main features are reported in Table 1. The 
first two sites are in dense mono-layered spruce stands which were not managed in the last 30-50 
years and whose establishment started after a an intensive logging activity, probably shelterwood 
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cutting in small groups (Motta, 2002), approximately in 1820 in site 1, and in 1790 in site 2. Sites 
3 and 4 are in multi-layered, open-canopied stands which were not managed in the last 50 years. 
Site 3 was managed for at least the past two centuries with single-tree or small-group selection 
system. Site 4 was probably a pasture with sparse trees up to the end of the 19th century (Motta 
2002). 
 
Tree parameters 
In each site, tree age was measured for each tree (Motta 2002), by cores extracted with an 
increment borer and prepared according to standard procedures (Stokes and Smiley 1968; 
Swetnam et al 1985). Tree rings were counted, corrected, and each series was dated both visually 
and using the programs TSAP (Rinn 1996) and COFECHA (Holmes 1983). Tree size was 
represented by tree diameter at breast height, measured in two direction and averaged (DBH), and 
tree height (H). The first branch height (CR-INS) was measured in two directions and averaged, 
and crown projection area (AREA) was evaluated by measuring the branch length, 
perpendicularly to the stem, at four cardinal directions, and computing the area of the resulting 
irregular ellipsoid. 
 
Lichen survey 
For lichen surveying, trees were stratified into three age classes representing the main tree 
generations (Motta 2002; Motta et al 2002) potentially corresponding to different stages of the 
management process: (1) <100 years old, immature trees usually not suitable for felling, (2) 100-
200 years old, mature trees suitable for felling, and (3) >200 years old, over-mature trees 
normally rare or absent in managed stands. In each site, 7 trees in each age class were selected by 
random sampling, for a total of 84 trees (Table 2). 
Sampling followed the guidelines proposed by Stofer et al (2003) for the Forest BIOTA project 
(Giordani et al 2005), which are based on the European guidelines for lichen monitoring (Asta et 
al 2002; Scheidegger et al 2002a). Lichen diversity was sampled using four standard frames of 
10x50 cm as sampling grids, subdivided into five 10 x 10 cm quadrats, which were attached to 
the tree trunk at the cardinal points with the shorter lower side at 100 cm from the ground. All 
lichen species inside the frames were listed and their frequency was computed as the number of 
10x10cm quadrats in which the species occurred. Lichen cover was visually estimated in each 
frame as percentage of surface occupied by lichens and the values of the four cardinal points 
were averaged for each tree. 
The rarity of species at the national level was retrieved from Nimis (2003). Eight commonness-
rarity classes were used, from extremely rare to extremely common. The ‘extremely rare’ status 
is given only to taxa known from less than 5 localities in Italy, or to those that were not 
mentioned in the literature in the last fifty years. Recently-described or dubious taxa are excluded 
from this category. In the present work, very and extremely rare species were merged into a 
single category, and labelled as ‘rare’. Nomenclature of lichens follows Nimis and Martellos 
(2003). 
 
Data analysis 
For each site, the Pearson correlation coefficients between tree parameters (AGE, DBH, H, CR-
INS, AREA) and tree-level lichen richness (mean number of species at tree-level), rare species, 
and lichen cover were calculated. We preferred this analysis instead of a multiple regression 
model due to the high co-linearity among the explanatory variables. 
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To examine the effect of tree age on lichen species richness, analysis of covariance (ANCOVA 
with type III sum of squares) was applied considering site identity (SITE) as a random factor and 
AGE as a continuous covariate. To meet assumptions of ANCOVA, the variables were checked 
for normality, and variance homogeneity.  Scatterplots were analysed to check linearity between 
the covariate and species richness (Quinn & Keough 2002). AGE was log-transformed to 
increase linearity and to reach a normal distribution. As total species richness only met the 
assumptions of ANCOVA, we did not perform this analysis for rare species and lichen cover. 
Simple linear regression was applied to describe separately the relation between total species 
richness and tree age and size (DBH and H) and to evaluate the relation between tree-level lichen 
cover and tree age. 
Species composition was explored by means of Redundancy Analysis (RDA) as implemented in 
the CANOCO package (Version 4.5, Ter Braak and Šmilauer 2002). Since a preliminary 
Detrended Correspondence Analysis (DCA) showed a total inertia expressed in standard unit of 
2.31 SD, linear-based ordination methods were considered suitable for the data set. RDA was 
tested for significance using a Monte Carlo Permutation Test (Nr. = 1000). Specie frequencies 
were log-transformed prior the analysis. Tree related quantitative explanatory variables were: 
Tree age, DBH, H, CR-INS, and AREA. Site identity was considered as a dummy variable. First, 
we tested separately tree-related variables and site identity with a forward selection (Monte Carlo 
permutation test, P < 0.01). Then we performed a variation partitioning analysis to separate the 
relative effect of tree-related variables and site identity on lichen species composition following 
the method of Borcard et al. (1992). 
An Indicator Species Analysis (ISA; Dufrêne and Legendre 1997) was used to describe 
differences in species composition and frequency among the three age classes, and to determine 
how strongly each species was associated to different age classes. For each species, the Indicator 
Value (IV) ranges from 0 (no indication) to 100 (maximum indication). Statistical significance of 
IV was tested by means of a Monte Carlo test, based on 10.000 randomizations. The Indicator 
Species Analysis and Monte Carlo test were performed by PC-ORD (McCune and Mefford 
1999). 
 
Results 
Seventy epiphytic lichens and 2 non lichenised fungi (Chaenothecopsis pusilla and 
Microcalicium disseminatum) were found (Table 4). Their number ranges from 43 to 57 in the 
three age-classes and from 41 to 44 in the sites, with an average species number per tree ranging 
from 8 to 14 in the age classes, and from 10 to 13 in the sites (Table 2). The lowest number of 
species per tree (3) was found on a 84 years old spruce in site 3, while the highest number was 22 
on a 347 years old spruce in site 4. Twelve nationally rare and twelve calicioid species were 
found (Table 4). 
 
Species richness and lichen cover 
Tree size (DBH and H) was positively correlated to tree age, while features related to crown 
structure (CR-INS, and AREA) were correlated with tree age in the two open-canopied sites only 
(3 and 4, Table 3). In each site, species richness was positively correlated to tree age and size. In 
the ANCOVA model, no significant interaction was found between site and tree age, indicating 
that species richness responded similarly to age in each site (Table 5). Species richness increased 
with age, levelling out at around 250-300 years (Fig 1a), while it increased constantly with DBH 
and H (Fig 1b and c). The overall, as well as the mean number of species per tree increased from 
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age class 1 to 3 (Table 2). Tree features related to crown structure seem to be more important for 
lichen richness in sites 3 and 4 than in the other two sites. 
Lichen cover was not correlated to tree age in the two dense-canopied sites (1 and 2), while it had 
a positive relation with age in the two open-canopied sites. 
 
Species composition 
Among tree-related variables, the RDA forward selection included DBH, HEIGHT, and AREA. 
Site identity was also significant. Total variation in species composition explained by all 
significant variables (tree-related and site) was 36.5% (P < 0.01). The pure effect of tree-related 
variables was 11.1% (P < 0.01), while that of site identity accounted for 11.5% (P < 0.01). The 
joint effect between the two groups accounted for 13.9% of the total variation. 
Considering the pure effect of tree-related variables (Fig. 2a), several species were positively 
influenced by increasing tree age and size (DBH and HEIGHT), e.g. Calicium viride, Cyphelium 
inquinans, C. karelicum, Chaenotheca trichialis, and Tuckermannopsis chlorophylla, others, e.g. 
Parmeliopsis hyperopta and Vulpicida pinastri were negatively influenced by these parameters. 
Also crown structure (AREA) positively influenced some species such as Evernia divaricata. 
When the sampled trees, classified in the three age classes, are plotted against tree-related 
variables (Fig. 2b), over-mature trees are clearly separated, while immature and mature trees are 
largely overlapping, indicating that their lichen communities have a rather similar species 
composition. 
ISA indicated the presence of some over-represented species in each age class, which are 
therefore indicators of different stages of tree development (Table 4). They represent 18% of the 
total flora and their number is higher in age class 3 (9 species), in accordance with the low 
differentiation in species composition between trees of classes 1 and 2. Among indicators for 
over-mature trees, there are 3 nationally rare and 4 calicioid species, which completely lack on 
trees younger than 100 years. A single nationally rare species was found among indicators for 
mature trees (100-200 years old). Over one third of the species are over-represented in one of the 
four sites, confirming the influence of site identity in shaping species composition. Eight old-
trees associated species are included among over-represented species in the four sites (2, 1, 3, 2 
species in site 1, 2, 3, 4 respectively). Nationally rare and calicioid lichens are mostly associated 
to site 3 (Tab.4). 
 
Discussion 
Tree age and related parameters proved to influence both tree-level species richness and 
composition of epiphytic lichen communities on spruce in mature subalpine forests of the Italian 
Alps. These parameters are well known to be related with epiphytic lichens occurrence, even if 
their effects are often contrasting and not clearly separated from each other. For example 
Johansson et al. (2007) demonstrated the joint positive effect of age and size on tree-level lichen 
diversity in relatively young, planted ash forests, Öckinger et al (2005) found a positive 
correlation between age and circumference, Uliczka and Anglestam (1999) concluded that on 
different tree species lichen richness increases with age, while Rolstad and Rolstad (1999) 
demonstrated that stand age and tree size were more important than tree age in explaining the 
occurrence  of Usnea longissima, an old-growth associated lichen. 
In our forest, tree-level species richness proved to increase with tree age and related parameters 
indicative of tree size, such as DBH and tree height. Tree age had a positive correlation with tree 
size, hindering the possibility to clearly distinguish their respective effect. In the two open-
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canopied sites, age is also correlated with crown size, since the crowns of isolated trees are 
allowed to progressively increase with age and trunk size. 
The increase of species richness with tree age could be interpreted as the result of different joint 
effects of age per se (e.g. time for colonization) and tree size with its area-effect (e.g. surface for 
lichen establishment). When considered separately, the effects of age and tree size have a rather 
different pattern, the former levelling with age and therefore being more important in younger 
trees, the latter progressively increasing. Species turnover, whose importance in enhancing 
species richness was addressed by Johansson et al. (2007), due to the increasing overall number 
of species with age, is also suspected to improve species-richness on over-mature trees. Over-
aged large trees are expected to be more lichen rich and to host more heterogeneous species 
assemblages than mature and immature trees. 
All tree-level dependent variables, however, are also influenced by site identity (e.g. stand-level 
factors), indicating that a stand-level approach would be required to clarify the interactions 
between tree-level and stand-level factors. For example, the relation between tree age and lichen 
cover suggests that this dependent variable is greatly influenced by stand level-conditions. In the 
two dense-canopied stands lichen cover is independent from tree age and DBH, probably due to a 
limiting effect of light availability depending on stand structure. In the two open-canopied stands, 
light is not a limiting factor, and lichen cover increases with tree age and DBH, similarly to 
species richness. 
Relations among tree features and species richness could provide useful tools for management. 
The estimate of species richness represents an important issue (Lindenmayer et al., 2000), which 
is often achieved using biodiversity indicators that can be more easily sampled (Noss 1990, 
Lawton et al. 1998; Will-Wolf et al. 2002). The selection of indicators, however, may be 
problematic (e.g. Kerr et al. 2000; Landers et al. 1988; Noss 1990), and their correlation with the 
overall diversity must be tested (Hedenås and Ericson 2000; Bergamini et al 2005; Nascimbene et 
al 2006; Nordén et al, 2007). For a rapid assessment of tree-level species richness both structural 
and biological indicators could be used. Tree size, relatively easy to measure, is a suitable 
structural indicator, while lichen cover (mainly in open-canopied stands), could be another 
suitable biological indicator. 
Similarly to species richness, tree-level species composition can be partially explained by tree-
related parameters. As in boreal forests (see Hilmo, 1994), species composition on spruce 
changed from young to old trees. However, the main difference in species composition was 
between over-mature trees and the other two age classes. Age and tree size tend to select the 
same species. The biological and ecological mechanism of such a selection is not completely 
clear, but relevant changes in chemical-physical features of the bark (see e.g. Hyvärinen et al 
1992) are supposed to be among the main factors driving species turnover. A significant 
influence on composition is also that of crown structure, whose effects are probably related to 
light availability and protection from direct rain. Crown structure could be responsible for 
differences in microclimatic conditions between over-aged trees and those of the other age 
classes. Among species favoured by increasing crown size, Evernia divaricata is representative 
of a pool of species which mainly establish on the lower branches of large trees, while the 
occurrence of Microcalicium disseminatum and other calicioid species might be favoured by dry 
and rain-protected conditions under the canopy. 
Differences in species composition at tree level were also confirmed by ISA, indicating that 
several lichens are strongly associated with over-mature trees. This pool of species, including 
several nationally rare lichens, represents a community which is probably poorly developed 
where over-mature trees are normally absent, such as in managed forests. Calicioid lichens, well 
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known as indicators of ecological continuity (Tibell 1992; Selva 2002), have a similar pattern 
among indicator species in the different age classes, being more represented on over-mature trees. 
For example Cyphelium karelicum was considered by Thor (1998) as indicating continuity in 
spruce forests of Sweden. The influence of stand level factors cannot be statistically evaluated 
with our four sites, but the higher number of rare and caliciod species related to site 3 is in 
accordance with its longer ecological continuity (Motta, 2002). 
The rarity and the potential threat of several epiphytic lichens could be interpreted as the output 
of low availability of over-mature trees in managed spruce forests of the Italian Alps. This is in 
accordance to Scheidegger et al (2002b), who emphasized the importance of old trees for the 
conservation of red-listed epiphytic lichens in Switzerland and to Thor (1998) who stated that 
trees hosting red-listed species are often older than usually allowed in commercial forestry. 
Pykälä (2003) demonstrated that in an intensively managed forest landscape most of the rare 
epiphytic lichens are found only in key habitats with a long-term continuity of old trees. 
The general aims of near-to-nature forestry include biodiversity conservation. Hence, the 
presence of over-mature trees should be enhanced in the future forest landscape of the Alps. 
Retaining  mature trees in management plans could be an effective measure for long-term lichen 
diversity conservation, especially in protected areas and Natura 2000 sites, where conservation 
purposes are explicitly included in the management guidelines. 
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Table 1 Main features of the four sites 
  Site1 Site2 Site3 Site4 
Altitude (m) 1695 1815 1865 1980 
Slope (°) 17 25 20 15 
Aspect NW NW N N 
Number of living trees (n ha-1) 484 557 477 846 
Proportion (%) 
 
   
Picea abies 100 100 99 75 
Larix decidua 0 0 0 18 
Pinus cembra 0 0 1 7 
 
Table 2 Descriptive statistics of sampled trees within each age class and each site. Mean values 
are given with standard error (SE). 
  Age 1 Age 2 Age 3 Site1 Site2 Site3 Site4 
Number of Picea abies 28 28 28 21 21 21 21 
Mean tree diameter (cm) 31±14 43±15 57±10 43±12 51±10 38±22 44±19 
mean tree age (y) 85±15 149±27 271±62 163±58 173±85 179±102 159±101 
Total number of lichen species recorded on the 
sampled trees 43 55 57 41 42 42 44 
Mean number of lichen species/tree  8±2.8 12±2.9 14±3.4 12±4 13±2 10±4 11±5 
 
Table 3 Pearson correlation coefficients for the independent variables, species richness, and 
lichen cover. “*” marks significant correlations (P<0.05). 
  SITE AGE DBH HEIGHT CR-INS AREA 
Species 
richness 
1 0.38*      
2 0.57*      
3 0.85*      
DBH 4 0.64*      
1 0.45* 0.89*     
2 0.45* 0.59*     
3 0.78* 0.83*     
HEIGHT 4 0.87* 0.84*     
1 0.35 0.15 0.24    
2 -0.05 -0.2 0.02    
3 0.6* 0.63* 0.7*    
CR_INS 4 0.79* 0.75* 0.8*    
1 0.15 0.56* 0.38* -0.19   
2 0.14 0.58* 0.15 -0.45*   
3 0.6* 0.82* 0.61* 0.51*   
AREA 4 0.59* 0.81* 0.68* 0.57*   
1 0.52* 0.59* 0.58* -0.19 0.38*  
2 0.55* 0.66* 0.53* -0.2 0.34  
3 0.6* 0.68* 0.69* 0.61* 0.6*  Species 
richness 4 0.73* 0.76* 0.7* 0.77* 0.35  
1 0.15 0.4* 0.55* 0.02 -0.11 0.43* 
2 -0.3 0.04 0.31 0.36 0.07 0.08 
3 0.62* 0.63* 0.7* 0.49* 0.52* 0.58* Lichen 
cover 4 0.53* 0.7* 0.62* 0.46* 0.35 0.72* 
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Table 4 Species list. Species are ordered according to the age class (Age) in which the indicator 
value (IV) is maximum, following the results of the Indicator Species Analysis. 
      
Freq in the three age 
classes     Freq in the four sites     
  NRS Cal 1 2 3 Age IV 1 2 3 4 Site IV 
Arthonia mediella   4 0 0 1 3.6 0 0 0 5 4 4.8 
Bacidia globulosa   4 0 0 1 3.6 0 0 5 0 3 4.8 
Bacidia subincompta   4 0 0 1 3.6 0 0 0 5 4 4.8 
Biatora chrysantha   7 0 0 1 7.1 0 0 10 0 3 9.5 
Buellia punctata   4 0 0 1 3.6 5 0 0 0 1 4.8 
Cladonia coniocraea   4 0 4 1 1.8 0 10 0 0 2 9.5 
Hypogymnia tubulosa   11 11 0 1 5.4 0 10 0 19 4 13.3 
Lecanora argentata   14 4 4 1 13.0 0 0 5 24 4 15.5 
Lecanora leptyrodes   4 4 0 1 1.8 5 5 0 0 1 2.4 
Lecanora symmicta   11 0 0 1 10.7 5 0 0 10 4 4.3 
Lopadium disciforme +  4 4 4 1 1.8 5 10 0 0 2 4.8 
Melanelia exasperatula   4 0 0 1 3.6 0 0 0 5 4 4.8 
Mykoblastus affinis +  39 36 36 1 14.8 76 71 0 0 1 45.0** 
Parmeliopsis hyperopta   43 32 21 1 27.9* 14 48 19 48 4 19.4 
Rinodina capensis   7 4 0 1 6.1 0 0 0 14 4 14.3* 
Vulpicida pinastri   29 11 7 1 22.4* 5 5 5 48 4 39.1** 
Biatora efflorescens   0 4 0 2 3.6 0 5 0 0 2 4.8 
Bryoria capillaris   14 32 21 2 16.7 0 29 38 24 3 16.9 
Buellia griseovirens   11 21 18 2 12.5 33 5 14 14 1 19.7* 
Buellia schaereri   0 14 11 2 6.5 0 0 19 14 3 11.1 
Caloplaca herbidella +  0 4 0 2 3.6 0 0 5 0 3 4.8 
Cetraria sepincola   0 4 0 2 3.6 0 0 5 0 3 4.8 
Chaenotheca hispidula + + 0 7 4 2 4.8 0 10 5 0 2 7.9 
Chaenotheca laevigata + + 25 25 18 2 11.2 52 29 10 0 1 28.3** 
Hypogymnia physodes   89 96 93 2 34.1 95 100 76 100 1 37.3** 
Lecanora cadubriae   0 7 4 2 5.0 0 0 5 10 4 4.8 
Lecanora circumborealis   7 18 4 2 15.1* 0 10 19 10 3 11.0 
Lecanora hypoptoides   0 4 0 2 3.6 5 0 0 0 1 4.8 
Lecanora pulicaris   11 11 4 2 5.2 19 10 0 5 1 10.4 
Lecanora varia   0 7 4 2 3.6 0 0 5 10 4 7.1 
Lepraria elobata   0 7 4 2 4.2 0 14 0 0 2 14.3 
Micarea prasina   0 4 0 2 3.6 5 0 0 0 1 4.8 
Ochrolechia alboflavescens   4 21 18 2 11.4 0 0 19 38 4 27.2** 
Ochrolechia androgyna   4 21 11 2 11.7 29 14 0 5 1 12.9 
Schismatomma pericleum +  25 50 7 2 35.0* 38 48 24 0 2 17.1 
Usnea hirta   0 7 4 2 5.7 0 5 0 10 4 7.0 
Bryoria fuscescens   0 18 25 3 16.2 5 0 14 38 4 32.5** 
Calicium glaucellum  + 7 25 43 3 20.3 43 33 14 10 1 24.2* 
Calicium viride  + 46 79 93 3 38.8* 57 95 76 62 2 30.5* 
Chaenotheca chrysocephala  + 46 39 61 3 23.3 67 52 71 5 3 41.9** 
Chaenotheca ferruginea + + 0 4 11 3 6.0 5 0 14 0 3 12.7* 
Chaenotheca trichialis  + 11 21 61 3 39.5** 24 33 57 10 3 40.7** 
Chaenothecopsis pusilla  + 0 0 7 3 7.1 0 0 0 10 4 9.5 
Chrysothrix candelaris   0 11 29 3 24.1** 48 0 5 0 1 45.8** 
Cladonia digitata   0 4 11 3 8.6 0 14 0 5 2 12.9 
 35 
Cyphelium inquinans + + 0 11 43 3 41.1** 5 5 33 29 3 26.3** 
Cyphelium karelicum + + 0 0 54 3 53.6** 10 19 33 10 3 23.7* 
Cyphelium tigillare  + 0 0 4 3 3.6 0 0 0 5 4 4.8 
Evernia divaricata   18 50 54 3 27.8 24 19 52 67 3 27.2 
Hypogymnia austerodes   0 4 7 3 3.6 0 0 0 14 4 14.3 
Hypogymnia bitteri   4 18 18 3 9.6 29 5 0 19 1 11.0 
Hypogymnia farinacea   4 7 14 3 7.6 0 0 5 29 4 24.8** 
Imshaugia aleurites   0 7 11 3 9.3 0 0 0 24 4 23.8** 
Lecidea leprarioides   11 7 18 3 9.5 43 5 0 0 1 38.1** 
Lepraria rigidula   0 0 4 3 3.6 0 0 5 0 3 4.8 
Letharia vulpina   0 4 11 3 9.5 0 0 0 19 4 19.0* 
Microcalicium disseminatum  + 0 0 11 3 10.7 5 0 10 0 3 8.4 
Mykoblastus sanguinarius   4 4 7 3 4.7 14 5 0 0 1 11.6 
Ochrolechia arborea   0 4 7 3 4.8 5 10 0 0 2 6.3 
Ochrolechia microstictoides   36 29 43 3 19.9 43 86 0 14 2 58.1** 
Parmelia saxatilis   46 71 68 3 26.4 95 86 48 19 1 53.2** 
Parmelia sulcata   11 7 25 3 9.0 19 5 19 14 1 11.1 
Parmeliopsis ambigua   86 100 100 3 36.5 81 100 100 100 4 31.9** 
Pertusaria amara   7 14 25 3 12.5 33 24 5 0 1 17.7 
Platismatia glauca   46 57 82 3 34.7* 95 100 33 19 1 46.1** 
Pseudevernia furfuracea   39 68 68 3 28.0 19 86 52 76 4 38.2** 
Ramalina farinacea   0 0 7 3 7.1 0 5 5 0 2 2.4 
Ramalina obtusata +  0 0 4 3 3.6 0 0 5 0 3 4.8 
Ramalina thrausta +  4 0 4 3 2.1 5 0 5 0 3 2.9 
Tuckermannopsis chlorophylla   0 21 46 3 33.5* 10 24 5 52 4 34.2** 
Tuckneraria laureri +  0 0 14 3 14.3* 5 14 0 0 2 11.9 
Usnea sp.pl.     11 36 39 3 25.4* 14 33 24 43 4 24.7* 
 
NRS: Nationally rare species 
Cal: Calicioid species 
Freq. in the three age classes: species frequency in each age class (1, 2, 3) is expressed by the 
percentage of trees of each class in which the species occurred. 
Freq. in the four sites: species frequency in each site (1, 2, 3, 4) is expressed by the percentage of 
trees of each site in which the species occurred. 
IV: maximum Indicator Value; * marks significant indicator species at P<0.05, and ** at P<0.01. 
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Table 5 Results of ANCOVA for total lichen species richness site identity (SITE) as a random 
factor and tree AGE as covariate. Results refer to the ANCOVA testing the main effects 
assuming slope homogeneity. 
Source of 
variationa 
df SS MS F-value P Slope 
SITE 3 127.94 42.65 4.9534 <0.01  
Ln(AGE) 1 490.59 490.59 56.98 <0.01 4.77 
Residuals 79 680.17 8.61    
a
 The non-significant interaction was removed from the model, before testing the main effects. 
 
Fig. 1 Scatterplots of the number of lichen species vs. (a) tree age (AGE), (b) tree diameter 
(DBH), and (c) tree height quantified. Trends are shown by fitting linear, quadratic, and cubic 
functions when significant (F-test, P < 0.01). 
 
 
Fig. 2 (a) Plot species x pure effect of tree parameters; (b) Plot trees x pure effect of tree 
parameters. Trees are classified according to the three age classes (○ = <100 years; □ = 100-200 
years; ◊ = >200 years). 
 
(a) 
 
(b) 
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Abstract 
Although several studies demonstrated the importance of dead wood for lichen conservation in 
N-Europe and N-America, the lichen flora on dead wood was poorly studied in the Alps, where 
stumps represent one of the main available dead wood type. This work aims at evaluating species 
richness and composition of lichens in relation to the decay of stumps in subalpine forests of the 
Italian Alps. Differences in species richness between three decay stages were tested using a one-
way ANOVA, while the pattern of species composition was evaluated with non-metric 
multidimensional scaling and an Indicator Species Analysis. Overall, 69 species were found and 
wood decay proved to be an important factor influencing lichen communities on stumps in our 
subalpine forests. Despite the fact that the mean number of species per stump did not differ 
between the three decay stages and lichen communities broadly overlap, a main pattern of species 
turnover was identified across wood decay process as well as some indicator species for each 
decay stage. During the decay process, lichen communities change functional and ecological 
composition as an adaptive response to the continuous change of substrate. Since stumps host 
several nationally rare species, which are related to different stages of decay, they could have a 
relevant role in lichen conservation in managed forests where other types of dead wood are 
normally absent. 
 
Key words: coarse woody debris (CWD), conservation, dead wood, indicator species, Italian 
Alps.
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Introduction 
In the European Alps, subalpine forests are important environments for biodiversity conservation, 
and are included among the habitats worthy of conservation in Europe (EU 92/43 Directive, 
habitat code 9410 and 9420). In the Italian Alps, scattered patches of subalpine forests with old-
growth structures (e.g. old trees and dead wood) are still present, but rare (Motta 2002). In the 
last decades, the interest on old-growth forests has increased, since biodiversity conservation is 
considered one of the main goals of sustainable forest management (e.g. Siitonen et al. 2000; 
Motta et al. 2002; Ranius et al. 2003). 
The amount and quality of coarse woody debris (CWD) is an important feature for 
characterising old-growth stands (Siitonen et al. 2000; Similä et al. 2003). Natural old-growth 
forests have large volumes of CWD in different stages of decay (Harmon et al. 1986; Spies and 
Franklin 1988), while its presence is strongly reduced in managed forests (Siitonen 2001). 
Despite its structural role in natural forests, the ecological importance of dead wood was only 
recently demonstrated (e.g. Harmon et al. 1986). Several studies have investigated the ecological 
value of CWD for biodiversity (Spies and Franklin 1988; Angelstam et al. 2003; Heilmann-
Clausen and Christensen 2004), its importance in ecosystem health (Janisch and Harmon 2002; 
Spears et al. 2003; Laiho and Prescott 2004), and in the energy flow and carbon storage (Cohen et 
al. 1996; Harmon et al. 1996, 2004). CWD proved to be a key habitat for several organisms such 
as fungi, bryophytes, lichens, invertebrates, and birds (Ohlson et al. 1997; Jonsell et al. 1998; 
Similä et al. 2003; Mengak and Guynn 2003, Odor et al. 2006). 
Dead wood is known to host several epixylic lichens, whose occurrence is related to the 
availability of logs, snags, stumps etc. in different decay stages. Several red-listed species are 
related to different phases of wood decay (Söderström 1988a), so that a great amount of dead 
wood is crucial for biodiversity conservation in forests (Ohlson et al. 1997, Jonsell et al. 1998; 
Similä et al. 2003; Clausen et al. 2005). In managed coniferous forests, the most important 
component of CWD biomass mostly consists of stumps, while logs and snags are rare (Motta et 
al. 2006). Wood decay leads to changes in lichen composition due to changes in structure, texture 
and chemistry of the substrate. Epiphytic and epixylic lichens characterise the first part of the 
decay process, while terricolous species dominate the lichen communities on strongly decayed 
stumps (Daniels 1993). 
Although several studies demonstrated the importance of dead wood for lichen conservation in 
N-Europe and N-America (Muhle and Le Blanc 1975; Söderström 1988a, 1988b; Daniels 1993; 
Crites and Dale 1998; Lõhmus and Lõhmus 2001; Caruso et al. 2007), the lichen flora on stumps 
was poorly studied in the Alps and therefore their importance for lichen diversity remains 
unknown. This work aims at evaluating species richness and composition of lichens in relation to 
the decay of stumps in subalpine forests of the Italian Alps. The potential role of stumps for 
lichens conservation is also commented. 
 
Materials and Methods 
The study was carried out during 2006 in the Dolomites (NE Italian Alps) in four 1 ha open-
canopied subalpine Picea abies-Larix decidua-Pinus cembra stands, between c. 1900 and 2200 
m. Three stands are in the Paneveggio-Pale di San Martino Natural Park (Trento, Trentino-Alto 
Adige), and one in the Ampezzo Dolomites, near Croda da Lago (Belluno, Veneto). 
The decay stage of stumps was classified according to a four-stage system adopted by Motta et al. 
(2006): (1) bark intact, wood hard; (2) bark almost completely intact, wood hard in the outermost 
part of stump, decaying in the innermost part, texture with large pieces; (3) only traces of bark, 
decay spread in most of the stump, texture with blocky pieces; (4) bark absent, wood soft and 
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with powdery structure. Stumps in the first decay stage are absent or rare, while most of the 
stumps are in the second, third, and fourth stage, depending on the time from the last cut (Motta 
et al. 2006). 
Overall, 45 stumps were surveyed: 4 stumps for each decay stage in three stands, and 3 stumps 
for each decay stage in one stand. Lichens were surveyed according to a standard sampling 
protocol used for similar studies in Northern Europe (Svensson et al. 2005). A sampling plot of 
10 x 10 cm divided into 16 quadrats of 2.5 x 2.5 cm was used to measure species frequency 
expressed as the number of quadrats in which at least a thallus of the species occurred. Five 
sampling plots were positioned on cut surface of each stump, four at the four cardinal points near 
the perimeter of the cut surface, one in its centre. 
 
Data analysis 
We tested differences in species richness between the three decay stages using a one-way 
ANOVA. Due to the spatial dependence among stumps within each stand, we averaged the 
species richness within each decay class for each site before performing the ANOVA. 
An Indicator Species Analysis (ISA; Dufrêne and Legendre 1997) was used to describe 
differences in species composition and frequency among decay stages, and to determine how 
strongly each species was associated with different stages. For each species, the Indicator Value 
(IV) ranges from 0 (no indication) to 100 (maximum indication). Statistical significance of IV 
was tested by means of a Monte Carlo test, based on 10000 randomizations. The Indicator 
Species Analysis and Monte Carlo test were performed by PC-ORD (McCune and Mefford 
1999). 
The pattern of species composition was also evaluated using non-metric multidimensional 
scaling NMDS (McCune and Grace, 2002) as implemented in PC-ORD (McCune and Mefford 
1999), using the autopilot mode with the Sørensen distance measure. This procedure performed 
40 runs with real dataset compared with 50 randomized runs, each run with 400 iterations. Lichen 
species present in less than 5% of the stumps were excluded from this analysis to reduce noise in 
the data. Twenty-seven species were eliminated. The final 2-dimension solution had a stress level 
of 23% and a very low instability (< 0.001). Compositional differences between the 3 decay 
stages were tested by a multi response permutation procedures (MRPP) as implemented in PC-
ORD (McCune and Mefford 1999), using the Sørensen distance measure and rank transformation 
of the distance matrices. Multiple pair-wise comparisons were performed to test compositional 
differences between decay stages. 
The species ecological traits were evaluated indirectly, using the ecological indicator values 
defined by Nimis (2003). These values indicate, on a 5-class ordinal scale, the ecological 
requirements of each species for (a) pH of the substrate (1 = on very acid substrata; 2 = on acid 
substrata; 3 = on subacid to subneutral substrata; 4 = on slightly basic substrata; 5 = on basic 
substrata); (b) eutrophication (1 = no eutrophication; 2 = very weak eutrophication; 3 = weak 
eutrophication; 4 = rather high eutrophication; 5 = very high eutrophication); (c) light (1 = in very 
shaded situations; 2 = in shaded situations; 3 = in sites with plenty of diffuse light but scarce 
direct solar irradiation; 4 = in sun-exposed sites, but avoiding extreme solar irradiation; 5 = in 
sites with very high direct solar irradiation); (d) moisture (1 = hygrophytic species; 2 = rather 
hygrophytic species; 3 = mesophytic species; 4 = xerophytic species living in dry situations, but 
absent from extremely arid stands; 5 = very xerophytic species). Growth forms, reproductive 
strategies, substrate requirements, and rarity of each species at national level were retrieved from 
Nimis (2003). Foliose lichens include both those with narrow (Physcia-like) and large (Parmelia-
like) lobes; fruticose lichens include both those with filamentous and non-filamentous thalli; 
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crustose lichens include true crustose and squamulose species. Reproductive strategies are 
classified as: (a) mainly sexual reproduction by ascospores, mainly asexual reproduction by (b) 
isidia, (c) soralia, and (d) thallus fragmentation. Substrates are those on which the species is 
known to occur more frequently in Italy: (a) mainly epiphytic lichens growing on bark, (b) 
mainly epixylic lichens growing on wood, (c) mainly terricolous lichens growing on soil or plant 
debris. Species rarity at national level was estimated on the basis of: (a) number of samples in the 
TSB lichen herbarium, (b) number of literature records, (c) expert judgement. Eight 
commonness-rarity classes were used, from extremely rare to extremely common. The ‘extremely 
rare’ status is given only to taxa known from less than 5 localities in Italy, or to those that were 
not mentioned in the literature in the last fifty years. Recently-described or dubious taxa are 
excluded from this category. In the present work, very rare and extremely rare species were 
merged into a single category, and labelled as ‘rare’. Nomenclature follows Nimis and Martellos 
(2003). 
 
Results 
Sixty-nine species were found. The most represented genera were: Cladonia (17 species, 25% 
of the total number of species), whose species were mainly found on stumps of decay stages 3 
and 4, Buellia (4 species), Lecanora (4 species), Micarea (4 species), and Cyphelium (3 species). 
Seven species were calicioid lichens, which were found on stumps of decay stage 2. Six 
nationally rare species were found (9% of the total): Buellia erubescens, Cyphelium inquinans, 
Cyphelium karelicum, Omphalina hudsoniana, O. velutina, and Protoparmelia oleaginea (Tab. 
1). Four of them were found in class 2, 1 in class 3, and 2 in class 4. Crustose lichens prevail 
(57%), while fruticose and foliose lichens are 31% and 12%, respectively. Fifty-five% of the 
species reproduce by ascospores and 45% by lichenised propagules (isidia 7%, soredia 33%, 
thallus fragmentation 5%). Most of the species prefer acid substrates, mesic to well-lit habitats, 
intermediate moisture conditions, and clearly avoid highly-eutrophicated habitats. Twenty-eight 
species in Italy are known to be mainly epiphytic, 22 mainly epixylic, 19 mainly terricolous (Tab. 
1). 
Considering the cumulative number of species found on 15 stumps per decay stage, 53 species 
were found for decay stage 2, 36 for stage 3, and 37 for stage 4. Twenty-five % of the species 
occur in all decay stages, the most abundant being Cladonia digitata. Thirty % of the species are 
exclusive to decay stage 2, 4% to stage 3, and 7% to stage 4. 
The mean number of species per stump did not differ between the three decay stages (Tab. 2). 
Considering the growth form, crustose (P = 0.04) and foliose (P = 0.10) species declined with 
wood decay, while fruticose species (P = 0.10) increased. Analogously, the mean number of 
mainly epiphytic species declines (P = 0.04) and that of mainly terricolous lichens increases with 
wood decay (P = 0.008), epixylic species did not differ between decay stages. 
For each decay stage, Indicator Species Analysis revealed some significant indicator species 
(Tab. 1): Hypogymnia physodes, Lecanora varia, and Lecidea turgidula for stage 2; Cladonia 
cenotea, C. coniocraea, and Xylographa parallela for stage 3; Cladonia macroceras, C. 
rangiferina, and Icmadophila ericetorum for stage 4. 
In NMDS ordination (Fig. 1) the two axes represent 57% of the total variation in species 
composition (33% axis 1 and 24% axis 2). Lichen community composition differed between 
decay stages (MRPP, A = 0.09, P < 0.001), differences being more marked between stage 2 and 
stage 4 (MRPP, A = 0.09, P < 0.001), while they are less pronounced between stage 2 and 3 
(MRPP, A = 0.04, P = 0.02), and stage 3 and 4 (MRPP, A = 0.06, P = 0.003). However, the 
 42 
generally small A statistic from MRPP and the visual interpretation of the NMDS plot indicated 
broad overlap in lichen communities (Berryman and McCune, 2006) among decay stages. 
 
Discussion 
Analogously to several studies in boreal forests and in central Europe (Muhle and Le Blanc 
1975; Söderström 1988a, 1988b; Daniels 1993; Crites and Dale 1998; Lõhmus and Lõhmus 
2001; Caruso et al 2007), wood decay proved to be an important factor influencing lichen 
communities on stumps in our subalpine forests. As decay is a continuous process, and in each 
stump different decay stages could temporarily coexist, lichen communities broadly overlap, 
sharing several species. However, a main pattern of species turnover can be identified across 
wood decay process, as well as some indicator species for each decay stage. 
During the wood decay process, lichen communities change functional (growth forms) and 
ecological (substrate requirements) composition as an adaptive response to the continuous change 
of substrate. In the first stage of wood decay lichen communities are dominated by foliose (and 
crustose) and mainly epiphytic species. With increasing wood decay (stage 3 and 4), fruticose 
terricolous lichens begin to colonise the stumps, with Cladonia-species being the most important 
component of the communities. However, epixylic lichens, which are mainly crustose, shown the 
capability to persist at these decay stages on the remnant fragments of hard wood. A similar 
situation was found in Scots pine forests by Daniels (1993), who described the shift from ‘surface 
lichens’ to ‘volume lichens’ on stumps. 
Indicator species of stumps of decay stage 2 include two mainly epixylic species (Lecanora 
varia and Lecidea turgidula), which are known to be restricted to little decomposed substrata 
(Nimis, 1993), and one of the most common epiphytic lichen (Hypogymnia physodes) on conifers 
in subalpine forests (Nascimbene et al., 2006). Those of decay stage 3 include two Cladonia, 
which are typical of decayed wood (Nimis, 1993) and one epixylic species (Xylographa 
parallela). In decay class 4 the three indicator species are known to be related to acid organic soil 
(Cladonia macroceras and C. rangiferina) and (Icmadophila ericetorum) to humid acid substrata 
such as rooting wood (Nimis, 1993). 
As demonstrated by Humphrey et al. (2002) in temperate forests, stumps in subalpine forests 
are suitable habitat for calicioid lichens and Cladonia species as well, the former guild being 
related to a weak decay, the latter to a strong decay of wood and to organic soil. Calicioid lichens 
are usually employed as suitable indicators of forest continuity and/or of the conservation 
importance of stands (Selva 2002), since they are related to habitats that are becoming rare in 
managed forests (e.g. large/old trees, and CWD). Cladonia includes several common species, 
whose presence in this habitat seems however to be strongly enhanced by stumps. These mainly 
terricolous lichens could not survive on the ground of open-canopied subalpine forests where 
bryophytes and vascular plants dominate the vegetation (Pignatti 1998). The role of decayed 
stumps as Cladonia ‘refugia’ can be compared to their role as ‘nursery’ for conifer seeds (Motta 
2006), providing raised microsites with nutrient-poor organic material. 
The importance of subalpine forests for lichen conservation in the Alps was recently addressed 
by Nascimbene et al. (2006) for epiphytic species, while the potential role of CWD was only 
marginally considered. In the international literature logs and snags received more attention, 
while lichen communities on stumps were rarely studied in detail (Daniels, 1993; Caruso et al 
2007). This probably reflects the fact that most of the studies on CWD were carried out in 
unmanaged, or old-growth forests where stumps are normally absent. 
In the Alps, subalpine forests are usually managed for timber production (Motta, 2002) and 
stumps are the main type of available CWD. This study shows that stumps host several nationally 
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rare species, which are related to different stages of wood decay. Despite the fact that an 
exhaustive evaluation of the role of stumps in subalpine forests for the conservation of rare 
species compared to other types of CWD (logs, snags) is still lacking, their potential role could be 
relevant in managed forests where other types of CWD are normally absent. 
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Table 1. Species list. Species are ordered according to the decay stage (Decay) in which the 
indicator value (IV) is maximum, following the results of the Indicator Species Analysis. 
 
Species name Gr Rep Sub Ecological 
indicator values 
NRS Cal Freq. in 
decay (%) 
Decay IV 
    pH L H E   2 3 4    
Bryoria implexa fr a.s. e 1-2 3-5 1-2 1   7 0 0 2 6.7 
Buellia chloroleuca cr s l 1-2 3-4 3-4 2-3   7 7 0 2 6.0 
Buellia disciformis cr s e 2 3-4 2 1-2   13 7 0 2 11.7 
Buellia erubescens cr s l 1 3 2 1 +  7 0 0 2 6.7 
Buellia griseovirens cr a.s. e 2 3-4 2-3 1   13 0 0 2 13.3 
Calicium trabinellum cr s l 1-2 3-4 2 1  + 7 0 0 2 6.7 
Calicium viride cr s e 1-2 3 2 1  + 7 0 0 2 6.7 
Caloplaca holocarpa cr s e 4-5 4-5 3-5 3-5   7 0 0 2 6.7 
Chaenotheca trichialis cr s e 1-2 1-3 1-2 1  + 7 0 0 2 6.7 
Cladonia deformis fr a.s. l 1-2 4-5 3 1   7 0 7 2 3.5 
Cyphelium inquinans cr s e 1-2 3 3 1 + + 13 0 0 2 13.3 
Cyphelium karelicum cr s e 1-2 3 2 1 + + 7 0 0 2 6.7 
Cyphelium tigillare cr s l 1-2 3-5 3-4 1  + 7 0 0 2 6.7 
Hypocenomyce scalaris cr a.s. e 1-2 3-5 3-4 1   20 7 0 2 19.2 
Hypogymnia physodes fo a.s. e 1-3 3-4 2-3 1-2   33 0 0 2 33.3** 
Imshaugia aleurites fo a.i. e 1-2 3-5 3-4 1   20 0 13 2 11.0 
Lecanora circumborealis cr s e 1-2 3-5 3 1-2   13 0 0 2 13.3 
Lecanora mughicola cr s l 1-2 3-4 4 1   20 0 0 2 20.0 
Lecanora saligna cr s l 1-2 4-5 4 1-2   20 0 0 2 20.0 
Lecanora varia cr s l 1 4-5 3-4 1-2   40 7 7 2 37.4** 
Lecidea turgidula cr s l 1-2 3-4 2 1   27 0 0 2 26.7* 
Letharia vulpina fr a.s. e 1-2 4-5 3-4 1   20 7 0 2 19.3 
Micarea melaena cr s l 1-2 2-4 2 1   13 0 7 2 5.2 
Micarea misella cr s l 1-2 2-4 2-3 1   13 0 0 2 13.3 
Micarea prasina cr s l 1-2 2-3 2 1   20 20 27 2 11.5 
Ocrolechia alboflavescens cr a.s. e 1-2 3 3 1   27 0 7 2 23.9 
Parmelia saxatils fo a.i. e 1-2 3-4 2-3 1-3   13 7 7 2 4.8 
Parmeliopsis ambigua  fo a.s. e 1-2 3-5 3-4 1   67 53 13 2 30.9 
Parmeliopsis hyperopta fo a.s. e 1-2 3 3 1   33 33 20 2 17.9 
Pertusaria pupillaris cr a.s. l 1-2 3 2-3 1   13 7 0 2 10.2 
Protoparmelia oleaginea cr s e 1-2 3 2 1 +  7 0 0 2 6.7 
Pseudevernia furfuracea var. ceratea fr a.i. e 1-2 3-5 3-4 1-2   27 7 0 2 18.6 
Pycnora sorophora cr a.s. l 1 3-5 3-4 1   13 0 7 2 10.7 
Rinodina exigua cr s e 2 3-5 3-4 3-3   7 0 0 2 6.7 
Thelomma ocellatum cr a.s. l 1-2 4-5 +4 2-3  + 13 0 0 2 13.3 
Trapeliopsis granulosa cr s l 1-2 3-4 2-3 1   40 7 27 2 11.8 
Usnea hirta fr a.s. e 1-2 4-5 2-3 1-2   20 0 0 2 20.0 
Xanthoria candelaria fo a.s. e 2-4 4-5 4 4-5   7 0 0 2 6.7 
Cladonia arbuscula subsp. mitis fr a.f. t 1-2 3-5 3 1   7 27 20 3 17.6 
Cladonia cenotea fr a.s. l 1-2 3-4 3 1   13 40 20 3 32.3* 
Cladonia coccifera fr a.s. e 1-2 4-5 3-4 1-3   0 20 7 3 15.0 
Cladonia coniocraea fr a.s. e 2-3 3-4 2-3 1-3   20 67 20 3 53.2** 
Cladonia digitata fr a.s. l 1-2 3-4 2-3 1   73 93 80 3 42.8 
Cladonia gracilis fr s t 1-2 3-5 3 1   0 7 0 3 6.7 
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Cladonia macilenta subsp. macilenta fr s e 1-2 3-4 2-3 1-2   27 27 0 3 15.1 
Cladonia pleurota fr a.s. t 2 4-5 2-3 1-3   0 20 7 3 19.0 
Micarea denigrata cr s l 1-2 2-4 2-4 1-3   0 7 0 3 6.7 
Mycobilimbia epixanthoides cr a.s. e - - - -   0 7 0 3 6.7 
Placynthiella icmalea cr a.i. t 1-2 3-4 2-3 1-2   20 20 27 3 9.2 
Placynthiella oligotropha cr s t 1-2 3-4 2-3 1   13 13 13 3 5.0 
Vulpicida pinastri fo a.s. e 1-2 3-5 3 1   13 13 0 3 10.4 
Xylographa parallela cr s l 1-2 2-3 2-3 1   47 67 7 3 41.4* 
Agonimia tristicula cr s t 3-5 3-4 2-3 1   0 0 7 4 6.7 
Cetraria islandica fr a.f. t 1-3 3-5 3-4 1-2   0 20 13 4 11.0 
Cladonia crispata fr s t 1-2 3-4 3 1   7 13 13 4 5.6 
Cladonia fimbriata fr a.s. t 1-3 3-4 2-3 1-3   7 20 20 4 6.6 
Cladonia furcata fr s t 2-4 3-4 3 1-2   0 7 27 4 22.5 
Cladonia macroceras fr s t 1-2 2-4 2-3 1   0 7 33 4 31.5* 
Cladonia pyxidata fr s t 2-3 3-5 2-3 1-3   33 27 47 4 23.0 
Cladonia rangiferina fr a.f. t 1-3 4-5 3 1   7 0 33 4 32.9* 
Cladonia squamosa fr a.i. t 1-2 3 2-3 1-2   7 0 7 4 5.2 
Cladonia sulphurina fr a.s. l 1-2 3-4 3 1   7 13 20 4 17.3 
Dimerella pineti cr s e 1 2-3 1-3 1-2   0 7 27 4 25.0 
Diploschistes muscorum cr s t 3-4 4-5 4-5 1-3   0 0 7 4 6.7 
Icmadophila ericetorum cr s l 1-2 2-4 1-2 1   0 27 47 4 33.5** 
Mycobilimbia hypnorum cr s t 3-4 3-4 3 1-2   0 0 7 4 6.7 
Omphalina hudsoniana cr s t 1-2 3-4 1-2 1 +  0 0 7 4 6.7 
Omphalina velutina cr s t 1-2 3-4 1-2 1 +  0 7 13 4 7.8 
Peltigera aphthosa fo s t 1-2 2-3 2-3 1   0 0 7 4 6.7 
 
Species traits – Growth form (Gr.): crustose (cr), foliose (fo), fruticose (fr); Reproduction (Rep.): 
mainly sexual (s), mainly asexual by soredia (a.s.), mainly asexual by isidia (a.i.), mainly asexual 
by fragmentation (a.f.). 
Substrate (Sub.): mainly epiphytic (e), mainly epixylic (l), mainly terricolous (t). 
Ecological indicator values – pH: pH of the substrate, L: light requirements, H: moist 
requirements, E: eutrophication requirements. Ecological requirements are frequently expressed 
by a range of tolerance. 
NRS: Nationally rare species 
Cal: Calicioid lichens 
Freq. in the decay stage: species frequency in each decay stage (2, 3, 4) expressed by the 
percentage of stumps of each stage in which the species occurred. 
IV: maximum Indicator Value; * marks significant indicator species at P<0.05, and ** at P<0.01. 
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Table 2. Species richness of the different three stages of wood decay. The mean values with 
different letters are significantly different according to one-way ANOVA with post-hoc Tukey 
test (P < 0.05). 
Species Decay stage P* 
 2 3 4  
Total 9.313 7.333 6.771 0.36 
Crustose 4.708a 2.083b 2.167b 0.04 
Foliose 1.8125 1.041 0.562 0.10 
Fruticose 2.792  4.208   4.042 0.10 
Epiphytic 4.375 a 2.375 1.042 0.04 
Epixylic 3.917   2.917   2.500 0.33 
Terricolous 1.021 a 2.042 3.229 0.01 
*The F-test was computed after averaging the number of species within decay stage and site (n = 
12) to avoid pseudoreplication due to spatial dependence. 
 
 
Figure 1. Ordination diagram of stumps in the species space based on NMDS results. The three 
decay classes are indicated by different symbols. 
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Abstract 
In the European Alps, subalpine forests are important for lichen diversity conservation at multiple 
levels. However, the potential role of coarse woody debris (CWD) has been only marginally 
considered in the previous literature. The aims of this case study are (i) to provide a first 
evaluation of the effects of different types of CWD (stumps, logs, and snags) and wood decay on 
lichen diversity in Pinus-Larix forests in the Italian Alps, and (ii) to increase the knowledge on 
the lichen biota on CWD in Italy. Seventy-eight species were found, including 12 nationally rare 
and 10 calicioid species; Placynthiella hyporhoda is new to Italy. Different types of CWD in 
different decay stages had significantly different lichen communities. Snags seems to be 
particularly effective for conservation, since they host the highest number of nationally rare 
species. Our survey suggests that CWD could be an important substrate for several nationally rare 
species, indicating that further surveys at a regional scale are urgently required in order to 
evaluate the role of CWD for lichen diversity conservation in the Alps. 
 
Key words: calicioid, coarse wood debris (CWD), lichen conservation, logs, snags, rare species, 
stumps. 
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Introduction 
The amount and quality of coarse woody debris (CWD) is one of the main features for 
characterising old-growth stands (Siitonen et al. 2000; Similä et al. 2003; Humphrey et al. 2004; 
Schuck et al. 2004). Natural old-growth forests have large volumes of different types of CWD in 
different stages of decay (Harmon et al. 1986; Spies & Franklin 1988), while its presence is 
strongly reduced in managed forests (Siitonen 2001), where it mostly consists of stumps, being 
large snags and logs normally rare (Siitonen 2001; Motta et al. 2006), while. 
The ecological importance of dead wood was demonstrated (Harmon et al. 1986) and several 
studies have investigated the value of CWD for biodiversity (Spies & Franklin 1988; Angelstam 
et al. 2003; Heilmann-Clausen & Christensen 2004), ecosystem health (Janisch & Harmon 2002; 
Spears et al. 2003; Laiho & Prescott 2004), energy flow and carbon storage (Cohen et al. 1996; 
Harmon et al. 1996, 2004). However, different types of CWD, e.g. standing versus lying dead 
trees or stumps, represent quite different habitats for different species. Several red-listed species 
are related to different types of CWD and to different stages of wood decay (Söderström, 1988a), 
so that a great amount of dead wood is crucial for biodiversity conservation in forests (Ohlson et 
al. 1997; Jonsell et al. 1998; Mengak & Guynn 2003; Simila et al. 2003; Clausen et al. 2005; 
Ódor et al. 2006). The lack of CWD in managed forests is considered a major threat for many 
species (Berg et al. 1994). 
CWD is known to host several lichens, whose occurrence is related to the availability of logs, 
snags, and stumps in different decay stages. Among the different CWD types, logs and snags 
received more attention while lichen communities on stumps were rarely studied in detail 
(Daniels 1993; Caruso et al., 2007). This probably reflects the fact that most of the studies on 
CWD were carried out in unmanaged, or old-growth forests where stumps are normally absent. 
Snags are considered the more suitable CWD type for lichens in wet climates because they 
provide well-lit conditions and are generally drier than logs which are probably more suitable for 
bryophytes (Schuck et al. 2004). Despite the fact that the role of stumps as lichen habitat is 
probably largely overlooked, Humphrey et al. (2002) addressed their importance for Cladonia 
and Calicium species in Britain. Although several studies demonstrated the importance of 
different types of CWD for lichen diversity and conservation in N-Europe and N-America 
(Muhle & Le Blanc 1975; Söderström 1988a, 1988b; Daniels 1993; Crites & Dale 1998; Holien 
1998; Kuusinen & Siitonen 1998; Lõhmus & Lõhmus 2001; Humphrey et al. 2002), its role in 
subalpine forests of the Alps was poorly studied. The importance of subalpine forests for 
epiphytic lichen conservation in the Italian Alps was recently underlined by Nascimbene et al. 
(2006), who however considered only marginally the role of CWD. In Italy, information 
specifically devoted to lichens occurring on CWD is still scanty (Thor & Nascimbene 2007) and 
therefore its importance for lichen diversity remains largely unknown. 
On the basis of the information retrieved from the ‘boreal experience’, it can be hypothesized 
that the presence of different types of CWD in different decay stages could provide important 
habitats hosting different lichen communities also in subalpine forests of the Alps. As a first 
contribution to the evaluation of the effects of different types of CWD on lichen diversity, a case 
study has been carried out in a Pinus-Larix stand in the eastern Italian Alps. This case study, 
which is part of a long-term lichen monitoring program in a subalpine forest, is based on the 
comparison of species richness and composition between lichen communities growing on logs, 
snags and stumps. Since in Italy lichen communities on CWD are largely overlooked, an 
increasing of knowledge on its lichen biota is also expected. 
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Materials and Methods 
Study area 
The study was carried out in 2006 in a mixed subalpine Pinus cembra L.-Larix deciduas Miller 
stand at c. 2200 m, near Malga Bocche in the Paneveggio-Pale di San Martino Natural Park (N-
Italy, Trentino-Alto Adige; latitude 46°18’N, longitude 11°45’E). The average annual 
temperature is 2.4 °C, and annual rainfall is c. 1300 mm year-1. The bedrock is porphyry and the 
soils are mainly podsols. The dominant tree layer mainly consists of Pinus cembra. The stand, 
managed in the past as grazed forest in which single trees were occasionally cut, has not been 
managed for the last 50-60 years. On the basis of its age, vertical and horizontal structure, amount 
of CWD, the stand can be classified as a transition forest to the old-growth stage in which 
different types of CWD (stumps, logs, and snags) are available in different decay stages (Motta 
2002). 
 
Lichen survey 
Ten logs, 10 snags, and 10 stumps were randomly selected for lichen survey. Their decay stage 
(Table 1) was evaluated according to a five class system mainly based on the presence/absence of 
bark and on wood features (Motta et al. 2006): (i) Stumps: (1) bark intact, wood hard; (2) bark 
almost completely intact, wood hard in the outermost part and decay in the innermost part of the 
stump, texture with large pieces; (3) trace of bark, decay spread in most of the stump, texture 
with blocky pieces; (4) bark absent, wood hard to soft (soft sapwood < 70%); (5) bark absent, 
wood soft (soft sapwood > 70%), and powdery structure; (ii) Logs (Maser et al. 1979; Sollins 
1982): (1) bark intact, small branches present, shape round, wood texture intact, log elevated on 
support point; (2) bark intact, no twigs, shape round, log elevated but sagging slightly; (3) trace 
of bark, no twigs, shape round, wood hard, texture with large pieces, log sagging near the ground; 
(4) no bark, no twigs, shape round to oval, wood hard, texture with blocky pieces, all of log on 
the ground; (5) no bark, no twigs, shape oval, wood soft and powdery structure, all of the log on 
the ground; (iii) Snags (Thomas et al. 1979; Sollins 1982): (1) standing dead tree with bark and 
most of the branches intact, wood hard; (2) dead tree with few branches left and loose bark, wood 
hard; (3) no bark, no twigs, wood hard; (4) no bark, no twigs, wood hard to soft (soft sapwood < 
70%); (5) no bark, no twigs, wood hard to soft (soft sapwood > 70%). 
Lichens were surveyed according to a standard sampling protocol used for similar studies in 
Northern Europe (Svensson et al. 2005). A sampling plot of 10 x 10 cm divided into 16 quadrats 
of 2.5 x 2.5 cm was used to measure species frequency expressed as the number of quadrats, in 
which at least a thallus of the species occurred. The sampling unit is represented by five sampling 
plots that were positioned: (i) on the upper side of ten logs, from the broadest part of the log to 
1.5 m, plots being separated by 50 cm; (ii) on the northern face of five snags, and on the southern 
face of five snags, from the base up to 1.5 m from the ground, plots being separated by 50 cm; 
(iii) on the upper surface of each stump, four in the external part at the four cardinal points, one in 
the central part. For each sampling unit the frequencies of the species in the five sampling plots 
were summed and their range is between 0 and 80. 
 
Guilds of species 
Species richness was evaluated considering three guilds of species: (i) all species, (ii) nationally 
rare lichens, and (iii) calicioid species. Following Nimis (2003), the rarity of the species at the 
national level was estimated on the basis of number of samples in the TSB lichen herbarium, 
number of literature records, and expert judgement. Eight commonness-rarity classes were used, 
from extremely rare to extremely common. The ‘extremely rare’ status is given only to taxa 
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known from less than 5 localities in Italy, or to those that were not mentioned in the literature in 
the last fifty years. Recently-described or dubious taxa are excluded from this category. In the 
present work, very and extremely rare species were merged into a single category, hereafter 
labelled as ‘rare’. They can be roughly compared to threatened species (Nimis 2003) according to 
IUCN criteria (2001) and therefore considered as worthy of conservation at national level 
(Martellos et al. 2004). Calicioids are mostly related to CWD and are considered as suitable 
indicators of forest sites worthy of conservation (Selva 2002). Substrate requirements and species 
traits were retrieved from Nimis (2003). Nomenclature follows Nimis & Martellos (2003). 
 
Data analysis 
Species richness was the sum of all the species found in the five sampling plots per each item (n 
= 30). To examine the marginal effects of CWD type and decay on lichen species richness, 
analysis of covariance (ANCOVA with type III sum of squares) was applied, using CWD type as 
factor (categorical variable), and DECAY as covariate. DECAY was treated as a continuous 
variable, as the different classes represent a gradient in wood decay. That was the only way to 
incorporate information about wood decay into the analysis, as DECAY was not balanced within 
the CWD type. ANCOVA was used to test the main effects of CWD and DECAY as well as the 
first-order interaction. When the interaction was not significant, we removed the interaction term 
and re-ran the ANCOVA testing only the main effects. To meet assumptions of ANCOVA, the 
variables were checked for normality, and variance homogeneity. The relationship between 
covariate and species richness was linear (Quinn & Keough 2002). ANCOVA was repeated 
separately for total species, rare species, and calicioid species richness. When CWD type was 
significant, we performed a post-hoc Tukey test for multiple comparison. 
An Indicator Species Analysis (ISA; Dufrêne & Legendre 1997) was used to describe 
differences in species composition and frequency among CWD Types, and to determine how 
strongly each species was associated with different decay stages. For each species, the Indicator 
Value (IV) ranges from 0 (no indication) to 100 (maximum indication). Statistical significance of 
IV was tested by means of a Monte Carlo test, based on 10000 randomizations. The Indicator 
Species Analysis and Monte Carlo test were performed by PC-ORD (McCune & Mefford 1999). 
The pattern of species composition was also evaluated using non-metric multidimensional 
scaling NMDS (McCune and Grace 2002) as implemented in PC-ORD (McCune & Mefford 
1999), using the autopilot mode with the Sørensen distance measure. This procedure performed 
40 runs with real dataset compared with 50 randomized runs, each run with 400 iterations. The 
final 3-dimension solution had a stress level of 12.6% and a very low instability (0.00003). 
Compositional differences between the 3 CWD types were tested by a multi response 
permutation procedures (MRPP) as implemented in PC-ORD (McCune & Mefford 1999), using 
the Sørensen distance measure and rank transformation of the distance matrices. Multiple pair-
wise comparisons were performed to test compositional differences between CWD types. MRPP 
analysis was also applied to test differences across and between decay stages. 
 
Results 
Species richness 
Seventy-eight species were found (Table 2), 62% of which are crustose, 24% fruticose, and 14% 
foliose. They mainly reproduce by ascospores (60%), while vegetative reproduction by lichenized 
propagules is less frequent (30% soredia, 4% isidia, 2% thallus fragmentation). Twelve nationally 
rare species are included as well as 10 calicioid species, belonging to the genera Calicium (2 
species), Chaenotheca (3 species), Chaenothecopsis (2 species), Cyphelium (2 species), and 
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Mycocalicium (1 species), which represent c. 35% of the lignicolous/epiphytic calicioids species 
known to occur in the Italian Alps (Nimis 2003). In Italy, 12 species were known to occur 
exclusively on bark and 7 exclusively on soil (Nimis 2003). Thirty-one species were found on 
logs (1 rare), 52 on stumps (5 rare, 1 calicioid), and 49 on snags (9 rare, 10 calicioid). 
Placynthiella hyporhoda is new to Italy, while Calicium abietinum, Chaenothecopsis pusiola, 
Lecidea xylophila, Micarea prasina, and Protoparmelia oleaginea are new to Trentino-Alto 
Adige. 
Results of the ANCOVA indicated that the interaction between CWD type and wood decay is 
not significant. There is a strong evidence that CWD type influences the richness of the three 
guilds of species. Wood decay has a smaller but significant negative effect on total species 
richness, which decreased with increasing decay. This parameter is not significant when rare and 
calicioid species are considered (Table 3). The mean number of species is significantly higher on 
snags and stumps than on logs (Fig. 1). However, a significantly higher number of rare and 
calicioid species was found on snags. 
 
Species composition 
ISA indicated the presence of some over-represented species in each CWD type (Table 2). They 
represent 14% of the total number of species and their number is higher on snags (7 species), 
including one nationally rare and one calicioid species, which completely lack on logs and 
stumps. 
Thirty-eight species have their maximum indicator value on less decayed CWD (decay stage 2), 
26 species on decay stage 3, and 14 on decay stage 4. However, only a few of them are 
significantly associated with a decay stage: 6 for decay stage 2, including 5 lichens which in Italy 
are mainly epiphytic, and 1 for decay stage 4. Rare or caliciod species are not included. 
In the final NMDS ordination the three axes represent 74% of the total variation in species 
composition (16% axis 1, 30% axis 2, and 28% axis 3). In Fig. 2, samples are ordered in the 
species space taking into account axis 2 and 3. The three CWD types differed in lichen 
community composition (MRPP, A = 0.35, P < 0.001), differences being significant between 
each pair of CWD types (MRPP: snags vs. stumps A = 0.27, P < 0.001; snags vs. logs A = 0.33, 
P < 0.001; logs vs. stumps A = 0.19, P < 0.001 ). Also the three decay stages differed in lichen 
community composition (MRPP, A = 0.09, P < 0.02). However, multiple pair-wise comparisons 
revealed no significant difference between stage 3 and 4. The generally small A statistic from 
MRPP indicated broad overlap in lichen communities (Berryman & McCune 2006) among decay 
stages. 
 
Discussion 
In this case study, lichen diversity was greatly influenced by the different types of CWD and 
partially by the different decay stages, in term of both species richness and composition. This 
result conforms to Humphrey et al. (2002), who found significant differences between different 
types of CWD and wood decay stages in planted and semi-natural forests of Britain. 
Our hypothesis, that different types of CWD in different decay stages provide important 
habitats hosting different lichen communities in subalpine forests was therefore confirmed. Logs 
host species-poor communities dominated by Xylographa parallela and Trapelipsis granulosa, 
snags are more suitable for species-rich communities including several calicioid species, and 
stumps mainly host Cladonia-dominated communities. Despite the fact that several species are 
shared among CWD types, there is a pool of lichens, which are strongly related to each CWD 
type (indicator species). 
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Snags seem to be more relevant for lichen conservation, hosting more nationally rare and 
calicioid species. The importance of snags as a key habitat for forest lichens was demonstrated in 
boreal regions, where several lichens have been found only, or mainly, on snags (e.g. Holien 
1998; Kuusinen & Siitonen 1998; Lõhmus & Lõhmus 2001; Spribille et al. 2005). Although logs 
hosted a surprisingly low number of species in our forest, several studies demonstrated their 
importance as lichen substrate (Muhle & LeBlanc 1975; Söderström 1988b; Crites & Dale 1998; 
Jansová & Soldán 2006). However, their effectiveness for lichen diversity could be sometimes 
hindered by the competition of bryophytes and vascular plants. For example Jansová & Soldán 
(2006), studying fallen logs in two old growth forests in Central Europe, found 66 bryophytes 
and only 19 lichens. 
Lichen diversity is also influenced by the decay process, which leads to a species turnover and 
to a decreasing in species-richness, probably related to a progressive decrease of substrate 
stability. However, in each CWD item different decay stages could temporarily coexist and lichen 
communities broadly overlap, sharing several species. On less decayed CWD, mainly on snags 
and stumps, lichen communities include epiphytic lichens, which are common on the surrounding 
living trees (e.g. Letharia vulpina and Pseudevernia furfuracea). On strongly decayed CWD, 
Cladonia-species (e.g. Cladonia sulphurina) are among the most important component of the 
communities. 
The effectiveness of this survey in improving the knowledge on the lichen biota on CWD in 
Italy was even higher than expected, considering the limited size of our sampling. Surprisingly, a 
high number of unusual species was found, including several rare lichens and new species both at 
a regional and national level. This probably reflects two main situations: (a) the scanty 
exploration of lichens on coarse woody habitats in Italy, and (b) the study site is in one of the 
lichen-richest areas in the Alps (Thor & Nascimbene 2007). 
Despite the fact that our findings cannot be used to provide general management practices for 
lichen conservation, this first attempt to evaluate the role of CWD as lichen substrate in the 
Italian Alps indicates that different CWD types with different decay stages are relevant for lichen 
diversity and host several nationally rare species. Further surveys at a regional scale are urgently 
required in order to evaluate the role of CWD for lichen conservation in Italy and to assess the 
impact of current forestry management on lichen diversity. 
In the Alps, subalpine forests are usually managed for timber production (Motta 2002) and 
stumps are the main type of available CWD, logs and snags being rare or absent. These latter 
CWD types are mainly restricted to remnant old growth stands or forest reserves, which however 
are scattered and small-sized (Motta 2002). Consequently, several species which are related to 
these CWD types could be at risk in the Italian Alps. Despite an increasing interest on near-to-
nature forestry practices favouring a scientific-based and multi-purpose management approach, 
detailed information on the effects of forest management on lichens in the Alps is still scanty 
(Nascimbene et al. 2007). Management practices need to be evaluated in terms of their ability to 
sustain rich lichen communities and to preserve suitable habitats for rare species, such CWD, 
improving biodiversity conservation in productive alpine forests. 
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Table 1 Main features of the selected logs (L), snags (SN), and stumps (ST). 
 
aDecay bD (cm) cH (cm) 
L 2 19.5 750 
L 3 33.5 1570 
L 3 21.5 240 
L 3 35 790 
L 3 38.5 1520 
L 3 35 1300 
L 3 51 530 
L 4 34 960 
L 4 34 650 
L 4 15.5 410 
SN 2 27.5 1010 
SN 2 16.5 600 
SN 2 32.5 770 
SN 2 12.5 450 
SN 3 26.5 210 
SN 3 37.5 320 
SN 3 21.5 230 
SN 3 15 220 
SN 4 46.5 190 
SN 4 46.5 300 
ST 2 22 48 
ST 2 45.5 110 
ST 2 63.5 65 
ST 2 39.5 100 
ST 3 45 50 
ST 3 67 80 
ST 3 53 85 
ST 3 99 100 
ST 3 37 20 
ST 4 67.5 100 
 
aDecay: the decay stage of CWD was evaluated according to a five class system mainly based on 
the presence/absence of bark and on the features of wood. For more details see Materials and 
Methods. 
bD: diameter 
cH: height
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Table 2 Species list. Species are ordered according to the CWD type (CWD) in which the 
indicator value (IV_cwd) is maximum, following the results of the Indicator Species Analysis. 
 
  NRS Cal Freq. in the CWD types (%) CWD IV_cwd Decay IV_dec 
Species     L SN ST         
Buellia griseovirens (Sm.) Almb.   30 10 20 1 23.9 2 16.0 
Cladonia deformis (L.) Hoffm.   20 0 0 1 20.0 4 8.9 
Cladonia fimbriata (L.) Fr.   20 0 20 1 10.0 2 4.7 
Cladonia pyxidata (L.) Hoffm.   20 0 20 1 13.8 3 11.4 
Cladonia spp.   60 10 10 1 50.5 4 21.2 
Cladonia sulphurina (Michx.) Fr.   10 0 10 1 8.1 4 33.3* 
Epilichen scabrosus (Ach.) Clem.   10 0 0 1 10.0 3 6.7 
Hypogymina austerodes (Nyl.) Räsänen   10 0 0 1 10.0 4 16.7 
Hypogymnia physodes (L.) Nyl.   30 30 20 1 24.3 2 24.1 
Hypogymnia tubulosa (Schaer.) Hav.   10 0 0 1 10.0 2 11.1 
Parmelia sulcata Taylor   10 0 0 1 10.0 2 11.1 
Placynthiella uliginosa (Schrad.) Coppins & 
P.James   20 0 0 1 20.0 3 13.3 
Trapeliopsis granulosa (Hoffm.) Lumbsch   60 20 30 1 42.3* 4 34.3 
Tuckermannopsis chlorophylla (Willd.) Hale   10 0 0 1 10.0 2 11.1 
Xylographa parallela (Ach.: Fr.) Behlen & 
Desberger   90 30 70 1 75.1** 3 51.2 
Bryoria fuscescens (Gyeln.) Brodo & 
D.Hawksw.   0 30 10 2 19.3 2 28.6 
Buellia schaereri De Not.   0 20 10 2 12.9 2 33.3* 
Calicium trabinellum (Ach.) Ach.  + 0 70 10 2 68.1** 2 20.7 
Chaenotheca xyloxena Nádv. + + 0 10 0 2 10.0 2 11.1 
Chaenothecopsis pusilla (Ach.) A. F. W. 
Schmidt  + 0 30 0 2 30.0 2 4.6 
Cyphelium pinicola Tibell + + 0 10 0 2 10.0 2 11.1 
Cyphelium tigillare (Ach.) Ach.  + 0 30 0 2 30.0 2 21.5 
Hypocenomyce scalaris (Ach.) M.Choisy   0 50 30 2 31.8 2 22.3 
Imshaugia aleurites (Ach.) S L.F.Meyer   10 90 40 2 81.3** 2 53.1* 
Lecanora varia (Hoffm.) Ach.   10 70 50 2 29.9 2 74.1** 
Lecidea turgidula Fr.   0 50 30 2 37.5* 2 16.7 
Letharia vulpina (L.) Hue   10 90 40 2 57.4* 2 51.3* 
Micarea melaena (Nyl.) Hedl.   0 20 10 2 12.4 2 11.6 
Mycocalicium subtile (Pers.) Szatala  + 0 10 0 2 10.0 2 11.1 
Parmeliopsis ambigua (Wulfen) Nyl.   40 90 90 2 59.1** 2 48.1 
Pseudevernia furfuracea (L.) Zopf var. ceratea 
(Ach.) D.Hawksw.   10 50 20 2 26.7 2 63.2** 
Pyrrhospora elabens (Fr.) Hafellner +  0 10 10 2 6.0 2 22.2 
Ramboldia insidiosa (Th.Fr.) Hafellner +  0 10 0 2 10.0 2 11.1 
Strangospora moriformis (Ach.) Stein +  0 10 0 2 10.0 2 11.1 
Usnea hirta (L.) F.H.Wigg.   10 60 10 2 49.0* 2 44.9* 
Usnea spp.   0 20 0 2 20.0 2 9.3 
Buellia chloroleuca Körb.   0 0 10 3 10.0 3 6.7 
Buellia disciformis (Fr.) Mudd   0 0 10 3 10.0 2 11.1 
Calicium abietinum Pers.  + 0 10 0 2 10.0 3 6.7 
Cetraria islandica (L.) Ach.   0 0 20 3 20.0 3 13.3 
Chaenotheca chrysocephala (Ach.) Th.Fr.  + 0 20 0 2 20.0 3 13.3 
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Chaenotheca trichialis (Ach.) Th.Fr.  + 0 20 0 2 20.0 3 4.3 
Chaenothecopsis pusiola (Ach.) Vain.  + 0 10 0 2 10.0 3 6.7 
Cladonia arbuscula (Wallr.) Flot.   0 0 10 3 10.0 3 6.7 
Cladonia cenotea (Ach.) Schaer.   10 20 40 3 34.5 3 17.6 
Cladonia coccifera (L.) Willd.   0 0 10 3 10.0 3 6.7 
Cladonia coniocraea (Flörke) Spreng.   10 20 60 3 27.1 4 18.0 
Cladonia digitata (L.) Hoffm.   20 30 100 3 70.9** 4 30.8 
Cladonia gracilis (L.) Willd.   0 0 10 3 10.0 3 6.7 
Cladonia macilenta Hoffm. subsp. floerkeana 
(Fr.) V.Wirth   10 0 50 3 43.8* 3 21.1 
Cladonia macroceras (Delise) Hav.   0 0 10 3 10.0 3 6.7 
Hypocenomyce friesii (Ach.) P.James & 
Gotth.Schneid. +  0 10 0 2 10.0 3 6.7 
Icmadophila ericetorum (L.) Zahlbr.   0 0 20 3 20.0 3 13.3 
Lecanora cadubriae (A.Massal.) Hedl.   0 20 0 2 20.0 3 13.3 
Lecanora circumborealis Brodo & Vitik.   0 0 20 3 20.0 2 22.2 
Lecanora hagenii (Ach.) Ach. var. hagenii   0 0 10 3 10.0 2 11.1 
Lecanora hypoptoides (Nyl.) Nyl.   0 10 0 2 10.0 3 6.7 
Lecanora mughicola Nyl.   0 0 20 3 20.0 2 22.2 
Lecanora saligna (Schrad.) Zahlbr.   0 10 10 3 7.1 2 22.2 
Lecidea xylophila Th.Fr.  +  0 0 20 3 20.0 2 22.2 
Lepraria spp.   0 10 0 2 10.0 3 6.7 
Micarea denigrata (Fr.) Hedl.   10 0 20 3 11.4 4 10.1 
Micarea prasina Fr.   10 10 10 3 4.6 3 6.5 
Ochrolechia alboflavescens (Wulfen) Zahlbr.   0 10 30 3 25.0 2 25.6 
Ochrolechia arborea (Kreyer) Almb.   0 10 10 3 5.7 2 22.2 
Omphalina hudsoniana (H.S.Jenn.) 
H.E.Bigelow +  0 0 10 3 10.0 4 16.7 
Omphalina velutina (Quél.) Quél. +  0 0 10 3 10.0 4 16.7 
Parmelia saxatilis (L.) Ach.   0 10 20 3 11.2 4 11.6 
Parmeliopsis hyperopta (Ach.) Arnold   30 50 30 2 25.0 4 38.2 
Pertusaria pupillaris (Nyl.) Th.Fr.   0 0 10 3 10.0 2 11.1 
Placynthiella hyporhoda (Th.Fr.) Coppins & 
P.James 
  0 0 10 3 10.0 4 16.7 
Placynthiella icmalea (Ach.) Coppins & 
P.James   30 10 60 3 27.1 2 23.3 
Placynthiella oligotropha (J.R.Laundon) 
Coppins & P.James   0 0 10 3 10.0 3 6.7 
Protoparmelia oleaginea (Harm.) Coppins +  0 10 0 2 10.0 3 6.7 
Pycnora sorophora (Vain.) Hafellner +  10 70 20 2 66.2** 4 33.4 
Tuckneraria laureri (Kremp.) Randlane & Thell +  0 10 0 2 10.0 3 6.7 
Vulpicida pinastri (Scop.) J.E.Mattsson & 
M.J.Lai 
  10 10 20 3 12.7 2 8.5 
Xylographa vitiligo (Ach.) J.R.Laundon     0 30 0 2 30.0 3 8.6 
NRS: Nationally rare species 
Cal: Calicioid lichens 
Freq. in the CWD types: species frequency in each CWD type (L = logs, SN = snags, ST = stumps) expressed by the 
percentage of items of each CWD type in which the species occurred. 
IV_cwd: maximum Indicator Value for CWD type. 
Decay: decay stage in which the indicator value (IV_dec) is maximum 
IV_dec: maximum Indicator Value for decay stage. 
* marks significant indicator species at P<0.05, and ** at P<0.01. 
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Table 3 Results of ANCOVA for (a) total species, (b) rare species, (c) calicioid species richness 
considering the CWD type (CWD) as a factor and wood decay (DECAY) as covariate. Results 
refer to the ANCOVAs testing the main effects assuming slope homogeneity. 
 
  (a) Total species  (b) Rare species 
Source of variation§ d.f.  SS F P Slope  SS F P Slope 
CWD 2  195.74 9.06 <0.01   9.47 12.98 <0.01  
DECAY 1  56.78 5.25 0.03 -0.32  0.22 0.48 0.45  
CWD x DECAY -  - - n.s.  
 
- - n.s.  
Error 26  280.92    
 9.48    
   (c) Calicioid species  
 
CWD 2  13.59 10.22 <0.01       
DECAY 1  1.22 0.92 0.35       
CWD x DECAY -  - - n.s.       
Error 26  34.58         
§
 All non-significant interaction terms were removed from the final model using a backward 
procedure and the ANCOVA was re-ran testing only the main effects. For details on ANCOVA 
computations and abbreviations of variables see Materials and Methods. 
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Fig. 1 Lichen species richness per sampling unit on different types of CWD considering three 
different guilds of species: (a) total species richness, (b) nationally rare, and (c) calicioid species. 
Different letters mark significant differences among CWD types according to a Tukey’s post-hoc 
test for multiple comparisons (P < 0.05). The boundaries of the box indicate the 25th and 75th 
percentile, whiskers indicate the 90th and 10th percentiles, the solid and the dashed lines the 
median and the mean, respectively. 
 
 
 
Fig. 2 Ordination diagram of the different types of CWD in the species space based on NMDS 
results. The three CWD types are indicated by different symbols. 
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Influences of tree age and tree structure on the macrolichen Letharia vulpina: a study case 
in the Italian Alps 
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Abstract: Tree age and crown structure are important determinants for epiphytic lichen 
communities, affecting substrate stability, light availability, and propagule dispersal. However, 
little is known about the relative importance of these two factors on many species. This work 
aims to evaluate the importance of tree age and tree structure in explaining the within-stand 
frequency of the macrolichen Letharia vulpina. The study was carried out in two larch-stone pine 
forests in the Eastern Italian Alps. The frequency of Letharia was evaluated using a standard 
sampling method. To explain the within-stand frequency of Letharia, tree age and several 
variables related to tree structure were considered. Multiple ordinary least square regression was 
applied to clarify the influence of the set of variables. Then, several partial regressions were 
computed to evaluate the relative importance of each significant predictor. The frequency of 
Letharia increases with increasing tree age, tree diameter and first branch height. Tree age is the 
most important variable accounting for one third of the total explained variation, although crown 
structure also has a significant effect on lichen frequency. Due to its dispersal-limitations and old-
tree dependence Letharia is proposed as a suitable indicator of forest continuity. The results may 
be of interest for conservation purposes, since the frequency of Letharia may be enhanced by 
protecting old trees. 
 
Key words: conservation, epiphytic lichens, forest continuity, subalpine forests, substrate 
stability, wolf lichen 
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Introduction 
Tree age and crown structure are important factors for epiphytic lichen communities. Several 
lichen species proved to be strongly related to old-growth forests (Lesica et al., 1991; Hyvärinen, 
Halonen & Kauppi, 1992; Esseen, Renhorn & Pettersson, 1996; McCune et al., 2003). Increasing 
tree age per se may improve lichen establishment, since old trees are available for long periods. 
Furthermore, the physical and chemical features of tree bark change over time, leading to a lichen 
succession in which some species are related to earlier and others to later successional stages 
(Hyvärinen, Halonen & Kauppi, 1992). For example, bark acidity increases with age, creating a 
more suitable habitat for strongly acidophilus species, and substrate stability tends to increase 
over time, as a consequence of natural growth rate reduction (Barkman, 1958; Hyvärinen, 
Halonen & Kauppi, 1992). 
The effects of age and age-related factors on lichen establishment should not be considered 
independently from the crown structure and from the biological features of different lichens. For 
example, Rolstad & Rolstad (1999) demonstrated that tree age is not predictive to the local 
occurrence and abundance of Usnea longissima in multi aged-submontane spruce stands, while 
crown structure is more important. Hyvärinen, Halonen & Kauppi (1992) concluded that the 
importance of stand age in the pattern of lichen community variation is an outcome of interaction 
between age and changes in canopy structure. Therefore, structure of branches and shape of tree 
crowns are generally considered to strongly influence the distribution of epiphytic lichens 
(Pirintsos, Diamantopoulos & Stamou, 1993). The response of lichen species to environmental 
changes seems to vary considerably, indicating differences in ecological strategy among species. 
Letharia vulpina, a macrolichen known from western North America, continental Europe, N 
Africa, Cyprus, and the Caucasus (Ahlner, 1948; Gams, 1955), is a threatened species in many 
European countries, being restricted to localities with long ecological continuity. Its European 
decline can be related to dispersal limitation over long distances (Högberg et al., 2002). However, 
the species is still locally common in the Alps (Scheidegger et al., 2002b), especially in the 
central region with a continental climate. In Italy, Letharia vulpina is exclusive of the sub-alpine 
belt of the Alps (Nimis, 2003) in open larch-stone pine forests (Nascimbene, Martellos & Nimis, 
2006; Nascimbene et al., 2006). Nowadays, these forests are mostly unmanaged or subjected to 
non-intensive forestry practices due to their low economic importance (e.g. selective cutting). 
Nevertheless, they could be locally threatened by increasing touristic use (e.g. ski-runs). Several 
field observations suggest a positive relation between the frequency of Letharia vulpina and old 
trees, e.g. Nascimbene, Martellos & Nimis (2006) suggested that its frequency increases in 
mature stands with old and large trees and dead wood. However, experimental evidence of old-
tree-dependence of Letharia vulpina is still scanty. 
This work aims to evaluate the relative importance of tree age and crown structure in explaining 
the within-stand frequency of the macrolichen Letharia vulpina in subalpine forests. We intend to 
test the following hypotheses: 1) tree age and radial growth rate are the main determinants of the 
frequency of Letharia vulpine due to the related substrate stability, 2) crown structure may further 
affect lichen frequency due to its influence on propagule dispersal and establishment. 
 
Methods 
Study area 
The study was carried out in 2006 in two larch-stone pine forests at c. 2200 m in the Eastern 
Italian Alps: Croda da Lago (CL, Belluno, Veneto), and Cima Bocche (CB, Paneveggio-Pale di 
San Martino Natural Park, Trento, Trentino-Alto Adige). In both sites, preliminary field 
observations indicated that Letahria vulpina was rather frequent. The main features of the two 
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sites are described in Table I. Distance between forests was about 50 km. They have similar age 
structure with three main tree generations (Carrer & Urbinati, 2001; Motta, 2002; Motta, Nola & 
Piussi, 2002): 1) trees younger than 100 years (81% in CL and 70% in CB), 2) 100-200 years old 
(7% in CL and 23% in CB), 3) more than 200 years old (12% in CL, and 7% in CB). In both 
forests the spatial distribution of living trees is characterised by clumped cohorts of young 
individuals and scattered old trees whose vertical and horizontal structure reflects a similar past 
management as grazed forests in which single trees were occasionally cut. These forests have not 
been managed for the last 50-60 years, and coarse woody debris (stumps, logs, snags) is 
relatively abundant (Motta et al., 2006). On the basis of their age, vertical and horizontal 
structure, both can be classified as transition forests to the old-growth stage (Motta, 2002). 
 
Lichen surveys 
In each stand, 10 trees belonging to each of the three main generations were randomly selected 
for sampling for a total of 30 larch individuals in CL and 11 larch and 19 stone pine individuals 
in CB. The frequency of Letharia vulpina was evaluated using a standard sampling method 
retrieved from Asta et al. (2002) and Scheidegger et al. (2002a). A sampling ladder of 
10 x 100 cm divided in ten squares of 10 x 10 cm was used. Four ladders were positioned on each 
trunk on the cardinal points, with the shortest side at one meter from the ground, the most 
suitable microhabitat for Letharia vulpina in the Italian Alps (Nascimbene et al., 2006). The 
lichen frequency varies from 0 to 40 and corresponds to the number of squares, in which at least 
one thallus of the lichen occurred. 
 
Explanatory variables 
To explain the within-tree frequency of Letharia, we considered tree age and several variables 
related to tree structure. We measured tree age (AGE) by cores extracted with an increment borer, 
and prepared according to standard procedures (Stokes & Smiley, 1968; Swetnam, Thompson & 
Sutherland, 1985). Then, we counted tree rings and we checked, corrected, and dated each series 
both visually and using the computer programs CATRAS (Aniol, 1983) and COFECHA 
(Holmes, 1983). For double-cored trees a standard arithmetic mean function was used to obtain 
the individual tree series. We calculated the radial growth rate (GRO) by averaging the width of 
the last 50 years rings. Stem diameter at 1.3 m above the ground (DBH) was measured in two 
directions and averaged for all trees. The first branch height (CRH) was measured in two 
directions, and averaged. Crown projection area (AREA) was evaluated by measuring the branch 
length, perpendicularly respect to the stem, at four cardinal directions and computing the area of 
the resulting irregular ellipsoid. 
 
Data analysis 
We applied multiple linear regression to clarify the relative influence of our set of variables on 
Letharia frequency. Since multicollinearity can hamper the identification of the most causal 
variables (MacNally, 2000), we calculated the Pearson correlation matrix between our 
explanatory variables (Table III). DBH was strongly correlated with AGE (r = 0.76). To account 
for this collinearity problem, we performed a simple regression between AGE (independent 
variable) and DBH (dependent variable), extracting the residuals (R-DBH), which represented the 
part of variance of DBH not explained by AGE (Stefanescu, Herrando & Páramo, 2004). Then, 
we included R-DBH instead of DBH in further analyses. As GRO was also highly correlated with 
AGE, we repeated the same procedure for GRO and then we included the GRO residuals (R-
GRO) in further analyses. 
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First, a forward stepwise procedure (P < 0.05) was performed to select significant predictors 
which most accounted for the variation in Letharia frequency. To account for non-linear 
relations, both linear and quadratic functions of each variable were selected. Site location (SITE) 
was also included in the selection procedure to account for regional difference between sites. We 
included in the selection procedure also tree species (TREE). In addition, to reveal more complex 
relations between the investigated explanatory variables and Letharia frequency, all the first-
order interactions were tested by applying a forward selection procedure (P < 0.05) of these terms 
in the model with the significant main effects. The regression analysis was computed using the 
‘lm’ function implemented in the R-package version 2.4.1 (available at http://www.R-
project.org). 
Second, several partial regressions were computed to explore the pure effects of the age, tree-
structure and site variables selected with the previous procedure, while all the other significant 
variables were considered as covariates in the model. The significant interactions in multiple 
regressions could not be considered in partial regression analyses, because their contributions 
cannot be attributed to any of the predictors involved in the interaction (Araújo & Guisan, 2006). 
This analysis aimed at evaluating the relative importance of each group of predictors. Partial 
regression was computed by means of partial Redundancy Analysis (pRDA) using the VEGAN 
package (Dixon, 2003) version 1.8-5 implemented in R-environment. 
 
Results 
Mean tree age was 88 and 89 years in CL and CB, respectively, and it did not significantly differ 
between the two sites (P < 0.05). However, the two sites had different tree composition, stone 
pine being the dominant species in CB (74%) and larch in CL (72%). 
In both sites, Letharia occurred on 80% of 100-200 years old trees and on all trees older than 200 
years (Table II). On trees younger than 100 years it was not found in CL, while in CB its 
frequency was very low. Its mean tree-level frequency did not significantly differ between sites 
on trees younger than 200 years, while it was higher (P<0.01) in CB on trees older than 200 
years, indicating an higher potential of this stand for Letharia populations. No significant 
difference (P<0.05) was found between stone pine and larch in the mean tree-level frequency of 
Letharia, indicating that these two tree species are equally suitable for the establishment of 
Letharia populations. 
The frequency of Letharia was significantly (P < 0.05) related to tree age, first branch height, 
tree diameter, site, and to the interaction between site and tree age (Table IV). TREE was not 
selected as a significant variable in the multiple regression model. Lichen frequency was 
positively related to increasing tree age, tree diameter and height of the first branch. The model 
consisting of significant main effects and interactions accounts for 78.7% of the total variation. 
The interaction AGE x SITE indicated that the positive relation between tree age and lichen 
frequency was more pronounced in CB than in CL (Fig. 1a). Considering the simple relation 
between Letharia frequency and age separated for the two tree species (larch and stone pine), we 
found an interactive effect of tree species and age on Letharia frequency (Fig. 1b). Partial 
regression of the significant variables showed that tree age was the best predictor, accounting for 
22.7% of the total variance (Table V). The tree-structure variables presented a relatively high 
pure effect, accounting for 10.2% of the total variation in lichen frequency. Site was the least 
important variable with a pure effect of 7.0%, indicating the presence of some differences 
between the sites. 
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Discussion 
Our first hypothesis, that the frequency of Letharia vulpina was positively related to tree age, was 
confirmed. However, the radial growth rate of trees (substrate instability) did not affect the 
lichen, likely because the mean growth rates were very small even for young trees being not a 
limiting factor for the life cycle of the lichen. Letharia has a relatively limited dispersal potential 
(Högberg et al., 2002) since it mainly reproduces by symbiotic vegetative propagules. In contrast 
to spore dispersal, this reproductive strategy allows the species to disperse over relatively short 
distances (Walser et al., 2001; Walser, 2004). Sillet et al. (2000) demonstrated that dispersal 
limitations are important in explaining the dependence of epiphytic lichens on old-growth forests. 
Therefore, this old-tree related and dispersal-limited lichen fulfils the criteria proposed by 
Rolstad et al. (2002) for choosing indicators of forest continuity. Its use as an indicator species is 
strongly enhanced since it is easily identifiable by non-specialists. Its relative commonness in the 
Alps (Nimis, 2003) might be due to the fact that its main habitat is not subjected to intense forest 
management. Since high-elevation forests are currently not or scarcely logged, they are 
continuous and low-disturbed across large distances, ensuring the effectiveness of vegetative 
dispersal within and across stands. Furthermore, while in managed and/or low-elevation 
coniferous forests trees older than 150-200 years are rare, in these high-elevation formations they 
are still relatively frequent and have a scattered spatial distribution within stands. Old trees have a 
higher probability to intercept and retain Letharia propagules due to their stability in the 
environment, and to their large surface and roughness of the bark. Vegetative propagules are 
supposed to have their best effectiveness in short distances (e.g. Armstrong, 1994; Walser et al., 
2001; Walser, 2004) and isidioid structures may mainly ensure lichen dispersal on the trunks. 
This dispersal strategy could account for the high Letharia frequency on old isolated trees where 
propagules tend to accumulate and occupy the entire available surface. Despite the relatively 
strong influence of site position, the increase in frequency of Letharia with tree age is confirmed 
in both stands, independently from the tree species, indicating that both old stone pine and larch 
individuals could be effective in hosting Letharia populations. The significant interaction 
between site and age was possibly related to historical and other site-specific properties of the 
two forests. Moreover, the different tree composition in the two stands (Fig. 1b) might have 
contributed to determining the interactive effect of age and site on Letharia frequency. 
Our second hypothesis, that Letharia frequency was also related to tree structure, was also 
confirmed. The positive relation between Letharia and the height of the first branches could be 
explained considering that branches can intercept Letharia propagules, hindering their 
establishment on trunks, while the lack of branches enhances stem flow by which Letharia 
propagules can be easily dispersed. Tree diameter enhances the frequency of the lichen, probably 
due to the larger surface available for colonisation by propagules. The probability for a propagule 
to reach the stem and to find suitable conditions is higher in trees of large dimensions. Moreover, 
these trees normally have a thick and cracked bark, which provides suitable microhabitats for the 
establishment of Letharia. 
In the Alps, Letharia vulpina is one of the most characteristic lichens of subalpine forests, which 
are listed among the EU habitats of interest for biodiversity conservation (EU 92/43, annexe no. 
1, habitat code 9420). Its importance in the subalpine vegetation is also related to its bright-
yellow colour and to its tendency to be dominant on the isolated trunks of old trees. Although 
Letharia is still locally common in the Italian Alps, this lichen grows in a relatively restricted 
habitat which is subject to increasing human pressure, mostly due to tourist activities rather than 
forestry. This poses the problem of its long-term conservation. The results of this study may be of 
interest for conservation purposes, since the frequency of this lichen may be enhanced by 
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protecting old stone pine and larch trees which represent important sources of propagules 
available for further colonisation. 
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Table I Description of the main features of the two study sites. 
    Croda da Lago Cima Bocche 
Altitude (m)  2200 2150 
Substrate  dolomitic porphyric 
Precipitation (mm/year)  1180 1210 
Mean temperature (°C)  2.6 2.4 
Species composition (%) Larch 72 15 
 Stone pine 23 74 
 Spruce 5 11 
Tree generations (%) <100 years 81.1 69.5 
 100-200 years 6.9 23.5 
 >200 years 12 7 
Mean tree age (years)  88 89 
Mean DBH (cm)   15 23 
 
 
Table II Abundance of Letharia in the two sites expressed by the percentage of trees on which 
the species occurred and by its mean tree-level frequency (values ranging from 0 to 40) in each 
tree generation. 
Tree generation Croda da Lago Cima Bocche 
 Trees with Letharia (%) 
<100 years 0 20 
100-200 years 80 80 
>200 years 100 100 
 Mean frequency of Letharia 
<100 years 0 0.5 
100-200 years 4.8 8.5 
>200 years 9.6 29 
 
 
Table III Pearson correlation matrix of the explanatory variables used to explain the frequency 
of Letharia on trees. 
 
 AGE  DBHa  CRH  AREA 
DBHa  0.76*    
CRH  0.55*  0.43*   
AREA  0.51*  0.68*  0.33  
GRO -0.67* -0.45* -0.56* -0.33 
Variable names: AGE, tree age; DBH, diameter at breast height, CRH, height of the first branch 
of the crown; AREA, crown projection; GRO, mean radial growth rate of the last 50 years. 
a
 Due to the strong correlation with AGE, DBH was substituted by its residuals (R-DBH) 
obtained from the simple linear regression computed between AGE (independent) and DBH 
(dependent). GRO was also substituted with the residuals (R-GRO) in the selection procedure. 
* Indicates variables significantly correlated (P < 0.01). 
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Table IV Summary of the multiple linear regression model obtained from the forward selection 
of the main effects and first-order interactions (P < 0.05) of the explanatory variables. The model 
accounts for 78.7% of the total variation. SITE = study sites (Croda da Lago and Cima Bocche); 
CRH = first branch height; DBH-R = stem diameter at 1.3 m above the ground; AGE = tree age. 
Variables Coefficient Standard 
Error 
 t   P 
Intercept -4.2377 2.0738 -1.96   0.045 
SITE -3.2723 2.4076 -1.36   0.179 
CRH  0.0072 0.0030  2.49   0.016 
DBH-R  0.1198 0.0582  2.06   0.044 
AGE  0.0305 0.0086  3.57 <0.001 
AGE x SITE  0.0633 0.0125  5.05 <0.001 
 
 
Table V Partial regressions testing the pure effects of tree-age, crown-structure and site variables 
selected in the multiple regression model, when all the other significant variables were 
considered as covariates. SITE = study sites (Croda da Lago and Cima Bocche); CRH = first 
branch height; DBH-R = stem diameter at 1.3 m above the ground; AGE = tree age. 
Variables Covariates R2 (%) Pa 
Tree-age effect   
AGE SITE, CRH, DBH-R 22.7 0.001 
Crown-structure effect   
DBH-R, CRH AGE, SITE 10.2 0.001 
Site effect   
SITE AGE, CRH, DBH-R 7.9 0.001 
a
 P-value of the permutation test from the pseudo-F value (No = 1000). 
 
Fig. 1 Letharia frequency against tree age (a) at Croda da Lago (open dots and dash line) and 
Cima Bocche (solid dots and line) (n = 30 for both sites), and (b) on larch (open square and dash 
line, n = 41) and on stone pine (solid squares and line, n = 19). 
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Influence of forest management on epiphytic lichens in a temperate beech forest of 
northern Italy 
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Abstract: The influence of forest management on species richness and composition of epiphytic 
macrolichens was studied on beech stems in two differently managed stands in northern Italy: 1) 
mixed-multilayered stand with silver fir, spruce and beech, managed by selective cutting, and 2) 
pure beech stand, intensively managed by shelterwood cutting. Macrolichens and easily 
identifiable crustose lichens were surveyed on 150 randomly selected beech trees in 10 
management units. Trees of the two stands significantly differed in lichen composition, but not in 
species richness. However, most of the rare species were exclusive of the sites managed by 
selective cutting. The lichen flora of mixed stands mainly included suboceanic species sensitive 
to forest management and habitat modification; that of pure stands was dominated by generalist 
species common in disturbed habitats. Lobaria pulmonaria is suggested as a signal species for 
rapidly assessing the conservation importance of forests. Some practical suggestions are given to 
enhance lichen conservation in intensively managed stands. 
 
Key words: cyanolichens, forestry, Lobaria pulmonaria, macrolichens, species composition, 
species richness. 
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Introduction 
Lichens are widespread in many forest ecosystems where they may constitute an important 
component of the total biodiversity (Dettki & Esseen, 1998; Will-Wolf et al., 2002). Their 
biomass accumulates slowly over time (Dettki & Esseen, 2003) and their dispersal can be limited 
by the lack of propagules (Sillett et al., 2000). Many epiphytic lichens are strongly affected by 
forestry practices, particularly logging (e.g. Hyvärinen et al., 1992; Holien, 1996; Neitlich & 
McCune, 1997; Sillett & Goslin, 1999; Humphrey et al., 2002). For example cyanolichens are 
considered a guild of species extremely sensitive to intensive forest management and indicators 
of forest continuity (Kuusinen, 1996; Campbell & Fredeenn, 2004). 
Several papers focus on epiphytic lichens in boreal coniferous forests (e.g. Esseen et al., 1992; 
Kuusinen & Siitonen, 1998; Pykälä, 2003; Hilmo et al., 2005; Josefsson et al., 2005), where 
epiphytic lichens are threatened by clear-cut and survive in a few remnant old-growth stands. 
This is the case of the flagship species Lobaria pulmonaria (L.) Hoffm., whose populations have 
been drastically reduced in recent decades (Esseen et al., 1981; Gu et al., 2001; Keon & Muir, 
2002), leading to several studies on its conservation biology and ecology (Gauslaa, 1985; 
Gauslaa et al., 1998; Scheidegger et al., 1998; Zoller et al., 1999). 
Not all of the lichen conservation measures derived from the boreal experience can be directly 
applied to the temperate forests of southern Europe. In boreal regions, a few forest types 
dominated by conifers extend over millions of hectares. Since the last decades of the 19th 
century, these forests have been mainly logged by clear-cut practices over large areas. On the 
contrary, the deciduous forests of S Europe are patchy over areas reaching at most a few hundred 
hectares (Pignatti, 1998; Del Favero, 2004), and clear-cutting is rarely used on a large-scale, 
while less intensive harvesting methods are usually employed. In the Southern Alps, uncoppiced 
beech forests are mainly managed by a shelterwood system or selective cutting, while for mixed 
forests both clear-cutting over small areas and/or selective cutting are employed (Del Favero, 
2004). Detailed information on the effects of beech forest management on lichens in the Alps is 
scanty. Management practices need to be evaluated in terms of their ability to sustain rich 
epiphytic lichen communities and to preserve habitats for sensitive and rare species. 
The aims of this work were to compare at tree level species richness and composition of 
epiphytic macrolichens on beech in two differently managed stands and to test the flagship 
species Lobaria pulmonaria as a potential indicator of sites worthy of conservation in a temperate 
forest in northern Italy. We hypothesised that the more extensive selective cutting may promote 
higher lichen species richness and the presence of rare species related to the presence of a 
continuous canopy, and uneven-aged and multi-layered forest over time. 
 
Material and Methods 
The study was carried out in the Cansiglio Regional Forest (NE Italy, Veneto, WGS84: 46°05’ N, 
12°24’ E, mean altitude 1100 m a.s.l.), which extends over 5000 ha in an area far from industries 
and therefore little affected by air pollution (Dissegna & Lazzarin, 1997). The climate is 
suboceanic; fog is frequent and precipitation is abundant, especially during spring and autumn, 
with an average of 1900 mm year-1. Two main types of management were present: 1) selective 
cutting, a non-intensive practice in which single trees or small groups are periodically logged, 
ensuring the presence of a continuous canopy, and preserving an uneven-aged and multi-layered 
forest over time. This management is prevalent in mixed and multilayered formations with silver 
fir (Abies alba Miller), spruce (Picea abies (L.) Karsten) and beech (Fagus sylvatica L.), which 
prevail in the northeastern part of the forest. 2) intensive shelterwood cutting, a practice based on 
a progressive thinning of even-aged trees and it is concluded in ca. 120-140 years (Del Favero, 
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2004) when mature trees are completely logged, strongly modifying the structure of the canopy, 
which is not continuous over time. This practice is prevalent in pure beech stands. 
Five forest units were selected randomly from the forest inventory in each management-type of 
stand. The five selected units managed with intensive shelterwood cutting were mature stands 
with trees 100-120 years old. In each unit, 15 beech trees were randomly selected. Based on the 
rapid assessment method proposed by Hedenås & Ericson (2000), macrolichens and easily 
identifiable crustose lichens were surveyed from the base of the trunk up to 2 m from the ground 
on a total of 150 trees. Tree species and circumference at breast height were recorded. 
Commonness-rarity of each species (taken from ITALIC, the information system on Italian 
lichens, Nimis, 2003) was evaluated on the basis of: (a) number of samples in the TSB lichen 
herbarium, (b) number of literature records, (c) expert judgement. Eight commonness-rarity 
classes were used by Nimis (2003), from extremely rare to extremely common (see Nimis & 
Martellos, 2002). The ‘extremely rare’ status is given only to taxa known from less than five 
localities in Italy or that were not mentioned in the literature in the last fifty years. Recently 
described or dubious taxa are excluded from this category. In the present work, very rare and 
extremely rare species at national level were merged in a single category (hereafter labelled 
‘rare’). Nomenclature follows Nimis & Martellos (2003). 
Differences in species richness between the two groups were tested with a parametric t-test. The 
species-by-samples matrix of presence/absence data was subjected to Principal Components 
Analysis (PCA) using CANOCO software (Ter Braak & Šmilauer, 2002). PCA, based on the 
variance-covariance matrix of the floristic data, was centred on species. The management types 
were quantified with two dummy variables. The chosen scaling method preserves the Euclidean 
distance among samples. 
 
Results 
Forty-nine species were found (Table 1; 32 macrolichens and 17 crustose lichens), 74% of which 
had a coccoid green alga as photobiont, 21% a cyanobacterium and 6.0% Trentepohlia. 
Lichenized propagules (soredia and isidia) were the main reproductive strategy (70%). Most of 
the species were nitrogen-intolerant and hygrophytic, preferring rather shaded habitats (Nimis, 
2003). 
The mean number of species per tree did not significantly differ between selective-cut and 
shelterwood-cut forests, but 14 species were exclusive of the former and 11 of the latter, 
indicating a high turnover of species. However, the number of rare species and cyanolichens were 
higher in the selective cutting regime (Table 1). Fifty-one % of the species occur in both 
management-types (Table 2). The sum of species found in the five stands for each management 
regime was slightly higher in selective-cut than in shelterwood-cut stands (38 vs. 35, 
respectively). Eighteen % of the species were nationally rare, 7 of which were exclusive to 
selective-cut and 2 occur in both stands. No rare species was exclusive to shelterwood-cut stands. 
The number (Fig. 1a) and the frequency (Fig. 1b) of rare species were positively related to the 
frequency of Lobaria pulmonaria, the model organism for lichen conservation (Scheidegger et 
al., 1998; Zoller et al., 1999; Walser et al., 2003). Analogously, the number (Fig. 1c) and the 
frequency of cyanolichens (Fig. 1d) were positively related to the frequency of Lobaria 
pulmonaria. 
The main differences concerned species composition (Tab. 1, Fig. 2). The first two axes of PCA 
explained 24.7% of the total variance and expressed the principal gradient of floristic variation; 
the third and the fourth eigenvalues accounted for 7.0 and 5.9% of the total variation, 
respectively. The first two axes of PCA could be interpreted as a gradient of forest type, which 
 78 
corresponded to management practices, separating the relevés of mixed forests managed by 
selective cutting from those of pure beech forests managed by shelterwood cutting (Fig. 2). On 
the one hand, the lichen flora of selective-cut forests mainly included suboceanic lichens 
sensitive to forest management and habitat modifications. The guild of cyanolichens is 
represented by 11 species, whose mean frequency is 13%. Other sensitive chlorococcoid lichens, 
whose frequency is higher in selective-cut stands, are Cetrelia olivetorum (86.7%) and 
Menegazzia terebrata (25.3%). On the other hand, the lichen flora of shelterwood-cut forests was 
dominated by generalist species that were usually common in disturbed habitats. This group is 
represented by Arthonia radiata, Candelaria concolor, Candelariella xanthostigma, Lecanora 
chlarotera, and Physcia adscendens, and its mean frequency reaches 18.5% vs. 8.6% in the 
mixed sites. The guild of cyanolichens is represented only by Peltigera collina and Peltigera 
praetextata, whose frequency is however negligible. Some acidophilus species occurred in both 
management types of stands (e.g. Parmelia saxatilis and Vulpicida pinastri), as well as some 
pioneer crustose lichens that frequently established on the smooth bark of beech (e.g. Pertusaria 
hemisphaerica, Pertusaria pertusa, Phlyctis argena, and Pyrenula nitida). 
 
Discussion and conclusions 
Our hypothesis that the more extensive selective cutting may promote higher lichen species 
richness and the presence of rare species was only partially confirmed. Species richness on beech 
stems did not show significant differences between the two management regimes, while most of 
the rare species were exclusive of the selective-cut sites. Hence, lichen composition was strongly 
different between the two management regimes. 
Other authors found significant differences of species richness between intensive and extensive 
management regimes (Dettki & Esseen, 1998) or between managed and unmanaged forests 
(Friedel et al., 2006) and old and young/mature forests (Campbell & Fredeen, 2004), indicating 
that undisturbed or not intensively managed stands host a richer lichen flora. Our non-significant 
differences between the two types of management were probably related to the relatively long 
rotation period of the shelter-wood cut sites, which allowed the development of species-rich 
communities dominated by crustose pioneer lichens and common generalist species. However, if 
the species richness and frequency of the sensitive group of cyanolichens is considered, a strong 
difference between the two types of stands was found, indicating that the richness of disturbance-
sensitive species is strongly enhanced by selective cutting. 
Differences in species composition are mostly related to this group of exclusive and rare species 
related to old, undisturbed habitats. Most of them, e.g. Lobaria pulmonaria, Lobarina 
scrobiculata, Nephroma parile, reproduce by vegetative propagules whose effectiveness in 
dispersal is limited to short distances, and have a long vegetative cycle (Scheidegger et al., 1998; 
Sillett et al., 2000). These species are probably unable to colonise trees within intensively 
managed stands due to the lack of forest continuity and of old trees. On the contrary species 
composition in shelterwood-cut sites is mainly characterized by a group of generalist species 
whose frequency is strongly higher than in selectively-cut sites. 
The flagship species Lobaria pulmonaria, a typical member of Lobarion communities developing 
in humid and ancient woodlands (Barkman, 1958; Gauslaa, 1985; Rose, 1988; Gauslaa, 1995) 
proved to be exclusive of less intensively managed stands and is suggested as a signal species for 
rapidly assessing the conservation importance of sites, since its frequency was strongly related to 
number and frequency of rare species (see also Gauslaa, 1994; Kuusinen, 1996; Gustafsson et al., 
1999) and to the number and frequency of the guild of cyanolichens (see also Campbell & 
Fredeen, 2004). 
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Some modifications in the management cycle could reduce the ecological distance between 
productive and less intensively managed forests. As stressed e.g. by Hazell & Gustafsson (1999), 
and Sillett et al. (2000), the permanence of groups of mature trees instead of scattered trees at 
final harvest is a useful technique for lichen conservation in clear-cut forests. This technique, as 
well as a longer rotation period, might be suitable also in the shelterwood system that normally 
leaves scattered mature trees only for a short renovation period. As stressed by Hilmo & Såstad 
(2001), minimizing the distance between regeneration units and potential sources of propagules is 
important for maintaining lichen diversity and sensitive species in managed forest ecosystems. 
This approach could improve the focus on biodiversity conservation in the management of 
productive temperate forests. 
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Table 1 Mean and standard deviation of species richness of all lichens, rare lichens, and 
cyanolichens at tree level for the selective-cutting and shelterwood-cutting regime. 
Species richness Selective cut Shelterwood cut 
All lichens 9.7 ± 2.3 8.3 ± 1.0 
Rare lichens* 1.3 ± 0.5 0.5 ± 0.4 
Cyanolichens* 2.4 ± 1.4 0 
Marks significant difference (P < 0.05) between the means of the two management regimes (t-
test). 
 
Table 2 Frequency of macrolichens and easily identifiable crustose lichens found in the two 
management regimes. 
Abbr.a Lichen species Freq. (%) 
  Selb Shec 
per ama Pertusaria amara 89.3 76.0 
cet oli Cetrelia olivetorum* 86.7 41.3 
gra scr Graphis scripta 81.3 70.7 
lec arg Lecanora argentata 80.0 61.3 
par sul Parmelia sulcata 66.7 65.3 
lob pul Lobaria pulmonaria*cy 64.0 - 
phl arg Phlyctis argena 48.0 38.7 
per per Pertusaria pertusa 45.3 45.3 
ram far Ramalina farinacea 38.7 42.7 
mel sub Melanelia subaurifera 37.3 81.3 
pyr nit Pyrenula nitida 37.3 18.7 
pel col Peltigera collinacy 30.7 1.3 
per cor Pertusaria coronata 29.3 26.7 
men ter Menegazzia terebrata* 25.3 10.7 
mel ful Melanelia fuliginosa ssp. glabratula 21.3 13.3 
cla pyx Cladonia pyxidata 18.7 2.7 
eve pru Evernia prunastri 18.7 14.7 
nor pul Normandina pulchella 17.3 8.0 
par sax Parmelia saxatilis 17.3 37.3 
pel pra Peltigera praetextatacy 16.0 1.3 
per hem Pertusaria hemisphaerica 14.7 14.7 
cla con Cladonia coniocraea 12.0 - 
lec exp Lecanora expallens 12.0 - 
nep par Nephroma parile*cy 10.7 - 
ram pol Ramalina pollinaria 10.7 8.0 
cla fim Cladonia fimbriata 8.0 - 
nep bel Nephroma bellum*cy 8.0 - 
hyp phy Hypogymnia physodes 4.0 13.3 
lep cya Leptogium cyanescens*cy 4.0 - 
lob scr Lobarina scrobiculata*cy 4.0 - 
het spe Heterodermia speciosa 1.3 - 
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lec chl Lecanora chlarotera 1.3 17.3 
lec int Lecanora intumescens 1.3 - 
lep lic Leptogium lichenoidescy 1.3 - 
pan con Pannaria conoplea*cy 1.3 - 
par tri Parmeliella triptophylla*cy 1.3 - 
phy ads Physcia adscendens 1.3 26.7 
sti ful Sticta fuliginosa*cy 1.3 - 
art rad Arthonia radiata - 17.3 
can con Candelaria concolor - 6.7 
can ref Candelariella reflexa - 12.0 
can xan Candelariella xanthostigma - 24.0 
fla cap Flavoparmelia caperata - 5.3 
lec car Lecanora carpinea - 12.0 
leci el Lecidella elaeochroma - 1.3 
par pas Parmelina pastillifera - 1.3 
pse furf Pseudevernia furfuracea - 6.7 
pun sub Punctelia subrudecta - 2.7 
vul pin Vulpicida pinastri - 1.3 
*
 Marks species rare at national level 
cy
 Marks cyanolichens 
a Abbreviations of the species names 
b
 Sel: mixed formations managed by selective cutting 
c She: pure beech formations managed by shelterwood cutting 
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Fig. 1 Regressions of Lobaria pulmonaria frequency vs. the number (a) and the frequency (b) of 
rare epiphytic lichens and the number (c) and the frequency (d) of epiphytic cyanolichens in 10 
management units in Cansiglio forest (NE Italy). R2 and significance level (F-test) are reported. 
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Fig. 2 Ordination plot of the samples along the two first axes of PCA. Inter-samples distance 
corresponds to Euclidean distance. The management regimes (marked by a dark triangle) are 
plotted passively after the PCA computations as implemented in CanoDraw 4.5 (Ter Braak & 
Šmilauer, 2002). Only the 25 species with a fit-range larger than 10% are presented. 
Abbreviations are according to Table 1. 
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Testing indicators of epiphytic lichen diversity: a case study in N Italy 
Nascimbene, J.1, Nimis, P.L.1, Marini, L.2 
1University of Trieste, Department of Biology, via Giorgieri 10 - 34100 Trieste, Italy 
2University of Padova, Department of Environmental Agronomy and Crop Production, Viale 
dell’Università 16 - 35020 Legnaro, Padova, Italy 
 
Abstract 
The predictability of a standardized and widely used biomonitoring method for estimating total 
lichen diversity on trunks (LDV-index) was tested. The study was carried out in Veneto (NE 
Italy), on 34 randomly selected trees in 5 sites in different landscape contexts. Two sets of 
biodiversity data were obtained from each tree: 1) the LDV index based on species frequency 
within a standard sampling grid positioned on a limited part of the trunks only, 2) the total 
number of species found on the trunks. Total species richness on trunks is significatively related 
with the LDV index, which suggests that the LDV standard methodology can be used also for 
estimates of lichen diversity. Even a LDV index based on macrolichens, or on large-lobed foliose 
lichens only, still permits reliable estimates of total diversity on the trunks, albeit with some 
limitations. 
Keywords: biodiversity, macrolichens, species richness, 
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Introduction 
Indicators of biodiversity are a surrogate for total biodiversity estimates that can be more easily 
sampled (Noss 1990, Lawton et al. 1998; Lindenmayer et al., 2000; Will-Wolf et al. 2002). For 
example Kerr et al. (2000) demonstrated that Hymeneoptera morphospecies are valuable 
predictors of total species richness at the landscape scale in an oak savanna ecosystem. The 
selection of indicators, however, may be problematic (e.g. Kerr et al. 2000; Landers et al. 1988; 
Noss 1990), and their relation with the overall diversity must be tested. 
There is already a standardized and widely used methodology for assessing lichen diversity, used 
in the context of biomonitoring of air quality, the European guideline  recently proposed by Asta 
et al. (2002), based on the Italian protocol (AA.VV. 2001), and subsequently adopted with small 
modifications in Germany (VDI, 2006). Lichen diversity is described by a biodiversity index 
(LDV = Lichen Diversity Value) based on species frequency within a standard sampling grid 
positioned on a limited part of the trunks only (Asta et al. 2002; Scheidegger et al. 2002). This 
index, which takes into account both species richness and abundance, proved to be highly related 
with atmospheric pollution (Amman et al., 1987), environmental quality (e.g. Castello and Skert 
2005), and human health (Cislaghi and Nimis 1997). This methodology, which includes 
standardization of all phases of data collecting, might be successfully used in other contexts to 
estimate total lichen richness. However, experimental tests on the LDV are absent, and its 
reliability as a biodiversity indicator remains unknown. 
The aims of the present work are: 
1) to test the predictability of the standard assessment of lichen diversity provided by the LDV 
method to the total species richness on the trunks of different tree species in different 
environments; 
2) to test the reliability of the LDV index calculated on selected guilds of easily identifiable 
lichens for rapid surveys over large areas. 
 
Materials and Methods 
Survey area 
The study was carried out in the Region of Veneto in north-eastern Italy , that covers an area of 
18364 km2 (Fig. 1). The landscape can be divided in four principal units: Dolomites and Pre-Alps 
in the northern part, hills and plain in the southern part. More details on climate, vegetation, and 
human activities are in Nimis et al. (1991). 
 
Sampling strategy 
The sampling strategy follows the guidelines officially recognized by the Italian Agency for the 
Protection of the Environment (AA.VV., 2001), based on the standard protocol proposed by Asta 
et al. (2002). The grid density of sampling stations at national level is 18 km x 18 km. Each 
station (Principal Sampling Unit – PSU) is represented by a square area of 1 x 1 km2. In Veneto 
54 PSU can be identified, located in five main environment types: 
1) Urb_ind: urban, highly disturbed and industrialized areas 
2) Agr_low: low altitude agricultural areas 
3) Agr_pre: hilly and pre-alpine agricultural areas 
4) For_mon: montane forests 
5) For_sub: subalpine forests 
One PSU was randomly selected for each environment type. In each PSU the trees were selected 
according to the procedures of the national protocol (AA.VV., 2001) within four circular subplots 
of 1 ha surface distributed in the four quadrant of the PSU. A total of 34 trees were sampled, with 
 89 
a minimum of 3 in For_mon, and a maximum of 10 in Agr_pre. In Table 1 the main 
characteristics of the five selected PSU are reported. The LDV method warns about comparing 
results across climatic and geographical gradients. However, this recommendation concerns the 
use of the LDV index as an estimator of air quality and not - like in our case - of total diversity. 
In the former case it is important to minimise all factors other than air quality which migh 
influence lichen diversity, in the latter it is important to test the predictability of the LDV index 
as an indicator of total diversity across a wide spectrum of ecological variation. 
 
Tree species 
Within each PSU a single tree species was used (Table 1). According to the national procedure 
(AA.VV., 2001), the sampling trees had to satisfy the following requirements: 1) minimum 
circumference 70 cm, 2) inclination of the trunks not exceeding 10°, 3) absence of evident factors 
of disturbance on the bark.  
 
Lichen diversity 
Two sets of biodiversity data were obtained from each tree: 1) partial biodiversity following the 
LDV method (AA.VV., 2001; VDI, 2006), and 2) total biodiversity of the trunk. 
Partial lichen diversity was sampled using the four standard frequency ladders of 10 cm x 50 cm 
divided into five 10 cm x 10 cm subplots, attached to the tree trunk at the cardinal points with the 
shortest side at 100 cm from the ground. All lichen species inside the ladders were listed and their 
frequency was computed as the number of subplots in which the species occur. The sum of the 
frequencies of all species found in the four sampling ladders of a single tree is the estimate of 
Lichen Diversity (LDV) of that tree. 
Total lichen diversity of the trunks was sampled by carefully exploring the whole surface of the 
trunks from the base up to two meters, producing a complete list of species. 
 
Statistical analysis 
Simple linear regression was applied to check the power of the partial biodiversity estimates to 
predict the total species richness at trunk level. The relation among several LDV calculated on 
different species subsets with the LDV calculated with the methodology described in Asta et al. 
(2002) was also tested. Statistical analyses were carried out according to SAS Institute Inc. 
(1989). 
 
Results 
The first test compares LDV values with total species richness of the trunks (Figure 2a). Since 
these parameters are strongly related (R2 =0.74), the LDV can be considered a predictive estimate 
of total species richness. 
The second test (Figure 2b) shows that the bare number of species found within the sampling 
ladder is a good indicator of the total number of species on the trunks. 
The predictability of selected guilds of species with respect to total species richness and to the 
LDV, was also tested. A significant relation was found among the number of macrolichens found 
inside the sampling ladders and total species richness on the trunks (Figure 3a), albeit with a 
lower fraction of explained variance (R2 =0.64). Considering only large-lobed foliose lichens 
(e.g. Parmelia s. l.) the regression remains significant with a negligible loss of variance (R2 
=0.63). Microlichens (crustose lichens) show a weaker relation (R2 =0.57) with the total species 
richness (Figure 3b). Other guilds of species (e.g. fruticose lichens, narrow-lobed foliose lichens), 
and coverage values are not significantly related with total species richness. 
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The best predictor of total species richness is the total number of species found within the 
sampling ladders. However, total species richness can be consistently predicted by the number of 
macrolichens and of large-lobed foliose lichens found within the sampling ladders. 
The LDV computed on macrolichens only is significantly related with that computed on all 
lichen species with an R2 of 0.60 (Figure 3c). The same regression computed with the LDV of 
microlichens had a R2 of only 0.39 (Figure 3d). No significant relation was found with the LDV 
computed by large lobed foliose species. 
 
Discussion 
The LDV and the number of species found within the sampling ladders proved to be robust 
estimators to the total species richness on trunks in different environmental conditions and on 
different trees. Species richness within grid and LDV values presented the lowest values on Tilia 
in the urban areas , while the highest values were found on Juglans in less disturbed agricultural 
areas. Despite such differences reasonably related to the hosting trees and environment, the ratio 
of not sampled species is rather constant, indicating  that this is not related to the overall flora at 
tree level. This suggests that the LDV standard methodology can be used not only for monitoring 
air quality, but also as a protocol to estimate total lichen diversity. 
However, lichens are rather laborious to identify, since several crustose species need microscopic 
analysis and thin-layer chromatography for detecting secondary chemical compounds (Culberson 
and Culberson 1994). The risk of missing a species is higher for crustose lichens than for 
macrolichens: a non-specialist can miss about two third of the crustose species (Will Wolf et al. 
2002), which can result in a consistent source of bias (Brunialti et al. 2001). When a robust 
regression model among the full dataset and more easily identifiable subsets of species can be 
demonstrated, it might be preferable to use a partial, but correct information whose uncertainty 
degree can be explicitly included in the results. The sampling and identification of macrolichens 
are actually much easier for non-specialists (McCune et al. 1997). 
Our results show that a partial sampling based on macrolichens, or even on large-lobed foliose 
lichens only, still permits reliable diversity estimates, albeit with limitations. The linearity of the 
relation indicates that the ratio of macrolichens on the total species richness is constant and 
independent from bark conditions and landscape contexts. 
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Figure 1. Study area 
 
 
 
Figure 2. Linear regression of total species richness on the trunk versus a) LDV values, and b) 
species richness within the sampling ladders. All regressions are significant at p<0.01 (F-test). 
The different symbols indicate the tree species. 
 
 
 
 
Table 1. Characteristics of the five selected Principal Sampling Units (PSU). 
Environment typea Urb_ind Agr_lo
w 
Agr_pr
e 
For_mo
n 
For_su
b Altitude (m a.s.l.) 15 330 700 980 2050 
Tree species Tilia Juglans Juglans Larix Larix 
N° of sampled 
trees 
7 5 10 3 9 
a Abbreviations refer to environmental types as in the text. 
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Figure 3. Linear regression of total species richness versus a) number of macrolichen species, 
and b) number of microlichen species inside the sampling ladders; and linear regression of total 
LDV versus c) LDV computed on macrolichens only, and d) LDV computed on microlichens 
only. All regressions are significant at p<0.01 (F-test). The different symbols indicate the tree 
species. 
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APPENDIX I 
 
Selected immages illustrating the study sites, sampling methods, and interesting lichens. 
 
Fig.  
1 Plot 1, dense mono-layered spruce stand. 
2 Plot 2, dense mono-layered spruce stand. 
3 Plot 3, multi-layered, open-canopied stand. 
4 Plot 4, multi-layered, open-canopied stand. 
5 - 7 Plot 5, mixed Larix-Pinus cembra stand with uneven aged and multilayered 
structure. 
8 - 9 Sampling method on stumps. A sampling plot of 10 x 10 cm divided into 16 
quadrats of 2.5 x 2.5 cm was used to measure species frequency. Five plots were 
positioned on the upper surface of each stump, four in the external part at the four 
cardinal points, one in the central part. 
10 Sampling method on living trees. Four standard frames of 10x50 cm subdivided into 
five 10 x 10 cm quadrats were attached to the tree trunk at the cardinal points with 
the shorter lower side at 100 cm from the ground.  
11 - 12 Sampling method on logs. A sampling plot of 10 x 10 cm divided into 16 quadrats 
of 2.5 x 2.5 cm was used to measure species frequency. Five sampling plots were 
positioned on the upper side of each log, from the broadest part of the log to 1.5 m, 
plots being separated by 50 cm. 
13 - 14 Sampling method on snags. A sampling plot of 10 x 10 cm divided into 16 quadrats 
of 2.5 x 2.5 cm was used to measure species frequency. Five sampling plots were 
positioned on the northern and on the southern face of snags, from the base up to 1.5 
m from the ground, plots being separated by 50 cm. 
15 Cladonia digitata is the most abundant species on stumps. 
16 Pycnora sorophora is a crustose species mainly associated to logs. 
17 Letharia vulpina, a relatively dispersal limited species which proved to be related to 
old-trees It is therefore suggested as a potential indicator of tree growth and forest 
continuity. Its use as an indicator species is strongly enhanced since it is easily 
identifiable by non-specialists. 
18 Cyphelium karelicum is a rare calicioid species associated to over-mature trees. 
19 Cyphelium inquinans is a rare calicioid species associated to over-mature trees. 
20 Calicium glaucellum is a calicioid species associated to over-mature trees. 
21 Xylographa parallela is a crustose lichen mainly associated to logs. 
22 Vulpicida pinastri is a pioneer species associated to young trees. 
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APPENDIX II 
 
Complete list of published and accepted papers produced in the period 2005-2007 (updated 
February 2008). 
 
In press/accepted papers 
International Journals 
1. Marini L., Nascimbene J., Scotton M., Klimek S. - Hydrochemistry, water table depth and 
related distribution patterns of vascular plants in a mixed mire. Plant Biosystems, 142 
(2008). 
2. Nascimbene J., Marini L., Nimis P.L. - Epiphytic lichens in a riparian Natural Reserve of 
Northern Italy: species richness, composition and conservation. Plant Biosystems, 142 
(2008). 
3. Nascimbene J., Tretiach M., A critical evaluation of the Italian distribution of the rare 
macrolichen Usnea longissima Ach. Plant Biosystems. 
4. Nascimbene J., Salvadori O. - Lichen recolonization on restored calcareous statues of 
three Venetian villas. International Biodeterioration & Biodegradation. 
5. Nascimbene J., Marini L., Motta R., Nimis P.L. - Lichen diversity on different types of 
dead wood in a Larix-Pinus cembra stand in the Italian Alps. The Lichenologist. 
 
 
Italian Journals 
1. Nascimbene J. - Freshwater lichens: an outline for planning the sampling-phase of the 
CRENODAT project. Monografie del Museo Tridentino di Scienze Naturali. 
2. Nascimbene J., Caniglia G., Todesco F. - I licheni epifiti dell’Alto Adige (Südtirol). 
Gredleriana, 7. 
 
Published 
International Journals 
1. Nascimbene J., 2006 - Lichenological studies in N-Italy: new records for Lombardy. 
Cryptogamie Mycologye, 27(1): 79-82. 
2. Nascimbene J., Isocrono D., Marini L., Caniglia G., Piervittori R., 2006 - Epiphytic lichen 
vegetation on Larix in the Italian Alps. Plant Biosystems, 140: 132-137. 
3. Nascimbene J., Caniglia G., Nicli M., Dalle Vedove M., 2006 - Populations of Lobaria 
pulmonaria (L.) Hoffm. in the Cansiglio Regional Forest (Veneto, Pre-Alps, north-east 
Italy): Distribution, diversity and conservation issues. Plant Biosystems, 140 (1): 34-42. 
4. Nascimbene J. & Nimis P.L., 2006 - Freshwater lichens of the Italian Alps: a review. 
International Journal of Limnology, 42(1): 27-32. 
5. Nascimbene J., Caniglia G., Dalle Vedove M., 2006 - Lichen diversity and ecology in five 
EU habitats of interest of the Sexten Dolomiten Natural Park (S Tyrol – NE Italy). 
Cryptogamie, Mycologye, 27(2): 185-193. 
6. Nascimbene J., Martellos S. and Nimis P.L., 2006 - Epiphytic lichens of tree-line forests 
in the Central-Eastern Italian Alps and their importance for conservation. The 
Lichenologist, 38: 373-382. 
7. Thor G., Nascimbene J. 2007 - A floristic survey in the Southern Alps: additions to the 
lichen flora of Italy. Cryptogamie, Mycologie, 28 (3): 247-260. 
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8. Nascimbene J., Nimis P.L., Marini L., 2007 - Testing indicators of epiphytic lichen 
diversity: a case study in N Italy. Biodiversity and Conservation, 16:3377-3383. 
9. Nascimbene J., Marini L., Nimis P.L., 2007 - Influence of forest management on 
epiphytic lichens in a temperate beech forest of northern Italy. Forest Ecology and 
Management, 43-47. 
10. Nascimbene J., Thüs H., Marini L., Nimis P.L., 2007 - Freshwater lichens in springs of 
the eastern Italian Alps: floristics, ecology and potential for bioindication. Ann. Limnol. - 
Int. J. Lim., 43 (4), 285-292. 
11. Nascimbene J., Nimis P.L., 2007 - Freshwater lichens in a small riparian Natural Reserve 
of Northern Italy: species richness and conservation issues. Cryptogamie Mycologie, 28: 
339-342. 
12. Nascimbene J., Marini L., Caniglia G. Cester D., Nimis P.L. – Lichen diversity on stumps 
in relation to wood decay in subalpine forests of Northern Italy. Biodiversity and 
Conservation (2008). http://dx.doi.org/10.1007/s10531-008-9344-1. 
 
Italian Journals 
1. Nascimbene J., 2005 – Diversità lichenica in alcuni habitat del Monte Grappa e del 
Montello (NE-Italia). De Rerum Natura, Quaderni del Museo di Storia Naturale e 
Archeologia di Montebelluna, 33-42. 
2. Caniglia G., Nascimbene J., Buffa C., Ivan D., 2005 - Parmotrema chinense (Osbech) 
Hale & Ahti negli habitat ripariali: un caso di studio nell’alto Livenza (NE-Italia). 
Informatore Botanico Italiano, 37 (1, parte A), 2005: 396-397. 
3. Nascimbene J., 2005 - Carta della Natura e Biodiversità nelle Aree Naturali Protette: il 
Parco Naturale Paneveggio – Pale di San Martino. APAT, rapporti 56/2005, 69-76. 
4. Nascimbene J., Caniglia G., Dalle Vedove M., 2005 - Diversità ed ecologia dei licheni in 
cinque habitat di interesse comunitario nel Parco Naturale delle Dolomiti di Sesto 
(Bolzano, Italia). Gredleriana, 5: 45-58 
5. Nascimbene J., 2005 - Lichenological studies in Northern Italy: new records for Trentino 
- Alto Adige. Gredleriana, 5: 39-44. 
6. Nascimbene J., 2005- Flechten/Licheni. In Haller R. – GEO-Tag der Artenvielfalt am 
Shlern (Südtirol). Gredleriana, 5: 367-370. 
7. Nascimbene J., Caniglia G., Nicli M., Dalle Vedove M., 2005 – Rilevamento e 
interpretazione dell’indice di biodiversità lichenica (IBL) nell’ambiente forestale del 
Cansiglio (NE-Italia).  Lavori Soc. Ven. Sc. Nat. 30: 75-78. 
8. Giordani P., Brunialti G., Nascimbene J., Gottardini E., Cristofolini F., Isocrono D., 
Matteucci E., Paoli L., 2005 - Aspects of biological diversity in the CONECOFOR plots. 
III. Epiphytic lichens. Ann. Ist. Sper. Selv., 30, suppl. 2: 43-50. 
9. Tomaselli M., Lasen C., Argenti C., Gualmini M., Petraglia A., Nascimbene J., 2006 - 
Studio geobotanico di due biotopi del Parco Naturale Regionale delle Dolomiti 
d’Ampezzo (Belluno - Italia Nordorientale). Gredleriana, 6: 9-30. 
10. Nascimbene J., 2006 - Il progetto “Carta della Natura” e la diversità lichenica nel Parco 
Naturale Paneveggio-Pale di San Martino (Trento, N-E Italia). Studi Trent. Sc. Nat. - Acta 
Biologica, Trento, 82: 21-28. 
11. Nascimbene J., 2006 – Indagine lichenologica nelle aree di monitoraggio integrato IT01-
Renon e IT02-Monticolo (Alto Adige). Forest observer, 2/3: 157-168. 
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12. Nascimbene J., 2007 - Flechten/Licheni epifiti. In Kranebitter P. & Hilpold A. – GEO-
Tag der Artenvielfalt 2006 am fus der Vajolettürme (Rosengarten, Gemeinde Tiers, 
Südtirol, Italien). Gredleriana, 6: 418-420. 
13. Nascimbene J., 2007 – La collezione lichenologica di Alberto Parolini. Bollettino del 
Museo Civico di Bassano del Grappa. 26: 45-58. 
14. Nascimbene J., Marini L., 2007 - I licheni della Riserva Naturale Integrale di Monte 
Faverghera (Veneto, Prealpi Bellunesi). Informatore Botanico Italiano, 39 (1): 3-10. 
15. Marini L., Nascimbene J., 2007 - Flora e vegetazione della Riserva Naturale Integrale di 
Monte Faverghera (Veneto, Prealpi Bellunesi). Informatore Botanico Italiano,39 (1): 53-
64. 
 
Abstracts presented in international conferences 
1. Nascimbene J., Marini L., Motta R., Nimis P.L., 2007 – The importance of different types 
of dead wood for lichen diversity in a subalpine forest of the Italian Alps. Natural Hazards 
and Natural Disturbances in Mountain Forests: Challenges and opportunities for 
Silviculture – International Conference of the IUFRO units 1.01.05, 1.05.00 – Trento, 
September 18-21, Book. 
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1. Martellos S., Nascimbene J., Nimis P.L., 2005 – Materiali per una lista rossa dei licheni 
delle Alpi italiane. Not. Soc. Lich. Ital 18: 22. 
2. Caniglia G., Dalle Vedove M., Nascimbene J., et al., 2005 – Licheni epifiti nei 
popolamenti forestali del Cansiglio. Not. Soc. Lich. Ital 18: 67-68. 
3. Nascimbene J., Caniglia G., Todesco F., 2006 – Materiali per una checklist dei licheni 
epifiti del Sudtirolo. Quarto convegno sulla ricerca zoologica e botanica in Alto Adige, 
Bolzano, book of abstract: 15-16. 
4. Nascimbene J., Nimis P.L., 2006 – Licheni in ambienti acquatici delle Alpi italiane. Not. 
Soc. Lich. Ital 19: 14. 
5. Tieppo P., Isocrono D., Nascimbene J., et al., 2006 – Biomonitoraggio mediante licheni 
epifiti nel Veneto. Not. Soc. Lich. Ital 19: 48. 
6. Giordani P., Bruniualti G., Nascimbene J, et al., 2006 – Progetto ForestBiota. Biodiversità 
lichenica in foresta: applicazioni e prospettive. Not. Soc. Lich. Ital 19: 57. 
7. Nascimbene J. et al., 2006 – Il progetto Lobaria: indagini sui popolamenti di Lobaria 
pulmonaria in Italia. Not. Soc. Lich. Ital 19: 58-59. 
8. Nascimbene J., Caniglia G., Dalle Vedove M., 2006 – Indagini flogistiche nelle Alpi 
centrali: i licheni del Parco Regionale dell’Adamello (Lombardia, Italia settentrionale). 
Not. Soc. Lich. Ital 19: 69. 
9. Tretiach M., Nascimbene J., 2006 – Note sistematiche su alcune Verrucarie endolitiche 
delle Alpi sud-orientali. Not. Soc. Lich. Ital 19: 73. 
10. Nascimbene J., Marini L., Nimis P.L., 2006 – Effetti della gestione selvicolturale sulla 
diversità e la composizione dei licheni epifiti in una foresta temperata del Nord Italia. Not. 
Soc. Lich. Ital 19: 89. 
11. Nascimbene J., Salvatori O., 2006 – Ricolonizzazione lichenica su alcuni manufatti 
lapidei restaurati. Not. Soc. Lich. Ital 19: 98. 
12. Nascimbene J., Nimis P.L., 2006 – Il progetto Carta della Natura e la diversità lichenica 
nel Parco Naturale Paneveggio-Pale di San Martino (Trento, NE Italia). Not. Soc. Lich. 
Ital 19: 121. 
 104 
13. Nascimbene J., Martellos S., Nimis P.L., 2006 – Licheni epifiti delle foreste al limite 
degli alberi nelle Alpi italiane centro-orientali e la loro importanza per la conservazione. 
Not. Soc. Lich. Ital 19: 122 
14. Nascimbene J., Caniglia G., Dalle Vedove M., 2006 – Indagini flogistiche in Trentino-
Alto Adige: i licheni della Riserva Naturale Integrale Tre Cime di Monte Bondone 
(Trento). Not. Soc. Lich. Ital 19: 132 
15. Nascimbene J., Marini L., Nimis P.L., 2007 – Licheni epifiti in una Riserva Naturale 
ripariale del nord Italia: ricchezza specifica, composizione e conservazione. Not. Soc. 
Lich. Ital 20: 55. 
16. Nascimbene J. et al., 2007 – Relazioni tra licheni epifiti e gestione della faggeta del 
Cansiglio (NE-Italia): un caso di studio. Not. Soc. Lich. Ital 20: 56. 
17. Nascimbene J., Caniglia G., Todesco F., 2007 – I licheni epifiti dell’Alto Adige 
(Sudtirol). Not. Soc. Lich. Ital 20: 69. 
18. Nascimbene J. et al., 2007 – Diversità e composizione dei popolamenti lichenici su 
ceppaie in relazione alla decomposizione del legno in foreste subalpine. 102° Congresso 
Società Botanica Italiana, Palermo, book of abstracts: 270. 
19. Nascimbene J., Caniglia G., Todesco F., 2007 – I licheni epifiti del Sud Tirolo. 102° 
Congresso Società Botanica Italiana, Palermo, book of abstracts: 319. 
 
Popular works 
1. Nascimbene J., Sommacal M., Marini L. (a cura di), 2006 – Guida al Giardino Botanico 
delle Alpi Orientali e alla Riserva Naturale Integrale di Monte Faverghera. Corpo 
Forestale dello Stato, Ufficio Territoriale per la biodiversità, Belluno, 159 pp. 
2. Nascimbene J., 2006 – Licheni della Riserva Naturale Integrale di Monte Faverghera. In: 
Nascimbene J., Sommacal M., Marini L. (a cura di), 2006 – Guida al Giardino Botanico 
delle Alpi Orientali e alla Riserva Naturale Integrale di Monte Faverghera. Corpo 
Forestale dello Stato, Ufficio Territoriale per la biodiversità, Belluno, 107-120. 
3. Dal Cortivo M, Gatti E., Nascimbene J., Sommacal M. (eds.), 2007 – Guida alla Riserva 
Naturale Vincheto di Celarda. Corpo Forestale dello Stato, Ufficio Territoriale per la 
biodiversità, Belluno, 261 pp. 
4. Nascimbene J., 2007 – Licheni. In: Dal Cortivo M, Gatti E., Nascimbene J., Sommacal 
M. (eds.), 2007 – Guida alla Riserva Naturale Vincheto di Celarda. Corpo Forestale dello 
Stato, Ufficio Territoriale per la biodiversità, Belluno, 127-139. 
5. Dal Cortivo M, Gatti E., Nascimbene J., Sommacal M. (eds.), 2007 – Guida alla Riserva 
Naturale Orientata Val Tovanella. Corpo Forestale dello Stato, Ufficio Territoriale per la 
biodiversità, Belluno, 239 pp. 
6. Nascimbene J., 2007 – Licheni. In: Dal Cortivo M, Gatti E., Nascimbene J., Sommacal 
M. (eds.), 2007 – Guida alla Riserva Naturale Orientata Val Tovanella. Corpo Forestale 
dello Stato, Ufficio Territoriale per la biodiversità, Belluno, 93-102. 
 
